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SECTION I 

INTRODUCTION 

The Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA), as amended by the Superfund Amendments and Reauthorization Act 
(SARA), provides that all U.S. Environmental Protection Agency (EPA) regulations 
and criteria pertaining to inactive hazardous waste sites are applicable to U.S. Gov- 
ernment facilities. Included among the provisions of these acts are requirements for 
a preliminary assessment (PA) of each facility and an evaluation based on the same 
Hazard Ranking System (HRS) that is applied to non-federal facilities. This report 
contains the PA's and draft HRS scores for the facilities operated by the U.S. Depart- 
ment of Energy's Nevada Operations Office (DOEINV). 

The primary mission of the Nevada Operations Office is and has been the test- 
ing of nuclear explosives. Most nuclear tests have been conducted on the Nevada 
Test Site (NTS) in southern Nevada, and the evaluation of hazardous waste sites on 
the NTS makes up most of Volume 1. Tests have been conducted at other sites in the 
continental U.S., and those sites are evaluated in Volume 2. The several Pacific 
Ocean sites used for testing in the 1950's and 1960's are not evaluated here. 

A listing of CERCLA sites to be considered was compiled by DOEMV to be 
assessed in this study. Additional sites likely exist, primarily on the NTS as alluded 
to in the Environmental Assessment of the NTS (1977). It will be therefore necessary 
to update the assessment if more sites are discovered by D O E N .  This report do&- 
ments preliminary assessments of 31 sites in 7 geographic areas of the NTS and 10 
off-site areas containing 13 sites. These sites are listed in Tables 1.1. and 1.2, re- 
spectively. 

The PA's were prepared chiefly by reviewing as much published data as possible 
in the short time available. Because of time constraints, no attempt was made to 
insure the validity of reported data. Where repoked data were clearly in error (see 
Gasbuggy reported precipitation), they were discussed in the text and appropriate 
values used. No field visits of non-NTS sites were conducted, and only cursory 
inspections were made of the NTS sites. It is anticipated that thorough data review 
and site inspections will be carried out (if needed) in subsequent stages of investiga- 
tion. 



TABLE 1.1. ON-SITE CERCLA AREAS COVERED IN THIS REPORT. 

Area Site Type HRS (Migratory) HRS (Direct) HRS (FIE) - 
Frenchman Lake 
Cambric 

xus=E& 
Haymaker 
Sedan 
Project 56 

EPA Farm 
U15e Muck Pile 
CP 2 & 6 Leachfield 
BJY Rad Sump 

' U9y Crater 
U8d 
Ud6 
Area 3 Subdock 
Core Storage Yard 

Above-Ground Nuclear Test 
Below-Ground Nuclear Test 

Below-Ground Nuclear Test 
Below-Ground Nuclear Test 
Safety Shots and Waste 

Dumps 
Waste Sump 
Contaminated Mine Waste 
Contaminated Leachfield 
Waste Sump 
Mud Disposal Site 
Injection Well 
Injection Well 
Injectidn ~ e ~ l s / ~ p i l ~ s  
Injection Wells 

U12b Muck Pile Contaminated Mine Waste 0.94 0.0 4.4 
CWD-1 Contaminated Waste Dump 0.94 0.0 5.0 
U12c, d, f Contaminated Mine Waste 0.94 0.0 4.44 
U12i, j, k Contaminated Mine Waste 0.94 8.33 5.0 



TABLE 1.1. (continued) 

Area Site Type HRS (Migratory) H I S  (Direct) HRS (F/E) 

Rainier Mesa [cont'd) 
U12e Contaminated Mine Waste 

and Lagoons 1.41 25.0 3.33 
U12t Below-Ground Nuclear Test 13.92 25.0 5.0 - 
U16a Contaminated Mine Waste 1.88 0.0 0.56 
U16a Below-Ground Nuclear Test 2.26 0.0 0.56 

E a h k M s a  
Palanquin Below-Ground Nuclear Test 1.35 0.0 0.55 
Cheshire Below-Ground Nuclear Test 25.95 0.0 0.55 

Mercunt 
Building 155 Leachfield 
Desert Rock Airstrip Jet Fuel Spill 

Leachfield and Waste Dump 1.18 
E-Mad Waste Dump, Leachfield, 

Underground Tasks 1.18 0.0 3.89 
Test Cell A Leachfield 13.86 0.0 4.44 
Test Cell C Leachfield 26.48 0.0 6.66 
Building 401 Leachfield and Waste Dump 1.72 0.0 2.78 



Site State Type HRS (Migratory) HRS (Direct) HRS (FIE) 

Tonopah Test Range Nevada Double Tracks 
(Safety Shot) 

Clean Slates 1-3 
(Safety Shots) 

Tonopah Test Range Nevada 

Central Nevada Test Area 

Amchitka Test Area 

Nevada 

Alaska 

Underground Nuclear Test 

Long Shot 
(Underground Nuclear Test) 

Milrow 
(Underground Nuclear Test) 

Cannikan 
(Underground Nuclear Test) 

Underground Nuclear Test 

Gas Stimulation 
(Underground Nuclear Test) 

Gas Stimulation 
(Underground Nuclear Test) 

Gas Stimulation 
(Underground Nuclear Test) 

Underground Nuclear Test 

Underground Nuclear Tests 

Safety Shot 

Amchitka Test Area Alaska 

Amchitka Test Area Alaska 

Project Shoal 

Rio Blanco 

Nevada 

Colorado 

Project Rulison Colorado 

Gasbuggy New Mexico 

Gnome-Coach 

Taturn Dome 

Area 13 

New Mexico 

Mississippi 

Nevada 



In general, the published data were sufficient for preliminarily assessing the 

environmental and hydrogeologic conditions at most sites. Large amounts of moni- 

toring data (air, soil, ground water, and milk) are also available for most nuclear 

tests, though only a limited amount of these data could be reviewed for this report. 

However, nearly all sites are lacking in data pertaining to the quantity of waste pre- 

sent. Only approximate yields are published for most nuclear tests, and the precise 
composition of any particular weapon is usually classified information. The PA's 

were therefore written using rough approximations based on published data about 

nuclear explosions in general. 

PRELIh4INARY ASSESSMENTS FOR THE NTS 

For administrative purposes, the NTS is divided into 25 numbered areas (Figure 
1.1). For preparing the PA's, however, it was more practical to consider seven larger 

areas where testing or disposal took place: Frenchman Flat, Yucca Flat, Area 25/26, 

Rainier Mesa, Shoshone Mountain, and Pahute Mesa. A waste disposal site in Mer- 

cury Valley was also assessed. 

Every site of a nuclear test may in principle qualify as a CERCLA site, but it was 

impossible to assess each one separately. Instead, the effort was limited to the sites 

that were expected to produce the highest HRS scores for a given area. Criteria for 

choosing these sites included proximity to human populations or water supply wells, 

documented contamination of ground water, and release of radioactivity into the 

atmosphere. All known waste disposal sites were individually assessed. 

To avoid excessive repetition in the following PA's, a general description of the 

NTS and its environment is given here. Most of this information comes from a 1977 

environmental impact statement3 and a report on the ecology of the NTS.4 

HISTORY 

When nuclear weapons development was accelerated in 1949 and 1950 in re- 
sponse to the national defense policy, it became increasingly clear that, if nuclear 

weapons could be tested safely within the continental boundaries, weapons develop- 
ment lead times could be reduced and considerably less expense incurred. After 

review of known information about fallout, thermal, and blast effects, it was deter- 

mined that under careful controls, an area within what is now the Nellis Air Force 

Range could be used for relatively low-yield nuclear detonations with full assurance 



FIGURE 1.1. The Areas of the Nevada Test Site. 



of public safety. Originally, 680 mi2 were withdrawn under Public Land Order 805 
dated February 19, 1962, for nuclear testing purposes, from an area used by the Air 
Force as a bombing and gunnery range. This resulted in the formation of approxi- 
mately the eastern half of the present Nevada Test Site, including Yucca Flat. Addi- 
tional land withdrawals in 1958, 1961, and 1964 added to the site, and with the use of 
Pahute Mesa area acquired by Memorandum of Agreement with the Department of 
Defense in 1967, the present size of 1,350 mi2 was attained. Construction of the 

Nevada Test Site facilities began on January 1, 1951. Operation Ranger was the first 
series of tests for which the Nevada Test Site was utilized. The first test was of a 1 kt 
device which was air-dropped and detonated on January 27, 1951, in Frenchman 
Flat. 

Since 1951, more than 600 announced nuclear tests have been conducted on the 
NTS. These have included above-ground and underground weapons-related tests, 
safety shots to see if blowing up a nuclear device with conventional explosives would 
cause fission, Plowshare projects to investigate peaceful uses for nuclear explosions, 
and tests to improve detection methods (Operation Vela Uniform). Other energy-re- 
lated projects, such as development of a nuclear-powered rocket and ramjets, have 
also been carried out on the NTS. 

ENVIRONMENTAL SETTING 

The NTS occupies 1,350 mi2 of arid basin and range terrain in south-central 
Nevada. It consists basically of three large valleys (Yucca Flat, Frenchman Flat, and 
Jackass Flats) surrounded bjr hills and mountains. The northern and northwestern 
portions are dominated by two large mesas, Rainier Mesa and Pahute Mesa. Eleva- 
tions range from 3,000 ft on Frenchman Flat to 7,600 ft on Rainier Mesa. 

Biologically, the NTS is in a transition zone between the northern edge of the 
Mojave Desert and the southern portion of the Great Basin Desert. A total of 711 
taxa of vascular plants have been collected in the six to seven major vegetation types 
occurring on the NTS. At least 1,028 taxa of inveAebrates within the Phylum Arthro- 
pod have been identified: 80 percent of the known arthropods are insects. Goldfish 

and golden shiners have been introduced into ponds and springs on the NTS. The 
reptilian fauna includes 1 species of tortoise, 14 species of lizards, and 17 species of 
snakes. There are records of 190 species of birds observed on the NTS, 86 percent of 
which are transients. A total of 42 terrestrial mammals and 4 species of bats have 



been recorded. Rodents account for half of the known species and are the most 
abundant and widespread group of mammals. 

The only two candidate species for the federal endangered species list that are 
known to exist on the Nevada Test Site are Astragalus beatleyae and Penstemon 
pahutensis. The locations of these species are indicated by the numbers 1 and 11 on 
Figure 1.2. There are no animals occurring on the NTS that are presently on the U.S. 
Department of the Interior list of endangered or threatened wildlife. However, the 
State of Nevada, through the State Board of Fish and Game Commissioners, has 
placed the Desert Tortoise (Gophers agassizi) in the "protected" classification under 
the Nevada game laws. 

The closest National Monument to the NTS is also the closest occurrence of a 
federally endangered species. Located 45 miles away from the center of the NTS is 
Devil's Hole, a spring in which live the only known surviving wild population of the 
endangered Devil's Hole pupfish (Cyprinodon diabolis). The total population of 200 
fish lives within the confines of an annex to the Death Valley National Monument. 

The Desert National Wildlife Range abuts the eastern boundary of the NTS. 
Much of this range is jointly used by the U.S. Fish and Wildlife Service and the 
United States Air Force. The Ash Meadows National Wildlife Refuge is located 10 to 
15 miles south of the Area 25 boundary of NTS. 

CLIMATE 

The climate of the Nevada Test Site is characteristic of high deserts having 
rugged terrain. It experiences extremes in temperature, precipitation, and wind ve- 
locity, as well as great variability in these parameters from year to year and from site 
to site. 

Temperatures fluctuate widely under conditions of predominantly clear skies 
and low relative humidities. Skies are clear (the daytime average coverage is 0 to 
3/10) an average of 50 percent of the days and cloudy an average of 78 days per year. 
At Yucca Flat, the average annual daily minimum temperature is 7Z°F and the aver- 
age annual daily maximum is 100°F. Recorded extremes are llO°F and -15°F. 

.Temperatures in excess of 100°F can be expected between June and September, 
while temperatures at or near freezing have been recorded in all months except July 

and August. 



HGURE 1.2. Localities of Nevada Test Site Populations of Endangered 
Species Candidates. 



The average annual precipitation is approximately 4 inlyr. A curve of precipita- 
tion plotted against time is characteristically bimodal, with peaks in the winter and a 
secondary peak in summer. The site is in the rain shadow of the Sierra Nevada. 
However, winter precipitation (October to April) results from precipitation derived 
from the Pacific, and accounts for approximately 65 percent of the average annual 
precipitation at Yucca Flat. Precipitation is at a minimum in May and June. 

In summer, precipitation results mainly from either convection of moist air 
brought with southeasterly winds from the Gulf of Mexico, or from cyclonic lows 
developing over the Great Basin. Summer showers occur as isolated events with 
large variations in amounts of rain within the shower area. Occasionally storms 
move directly from the Gulf of California in a northeasterly direction, bringing wide- 
spread heavy rains. There is a well defined drop in the amount of precipitation 
during September and October. Average annual snowfall at Yucca Flat is 8.3 in. and 
daily snowfalls of 1 in. or greater occur an average of 3 dayslyr. Snow does not 
ordinarily persist for more than a few days on the ground, but has persisted for as 
long as three weeks on occasion. The average relative humidity ranges between 14 
percent at 4:00 p.m. in June and July to 68 percent at 4:00 a.m. in December. 

Average annual wind speed,at Yucca Flat is 8.1 mph and the prevailing wind 
direction is from the north, except in May through August, when the winds are pri- 
marily from the south-southwest. April is the windiest month, with speeds averaging 
9 mph; however, gusts in excess of 50 mph have been recorded in every month. The 
mean annual lake evaporation is approximately 63 inlyr.5 

HUMAN POPULATIONS 

Figure 1.3 shows the 1975 populations of the cities, towns, and settlements sur- 
rounding the NTS. With the exception of Las Vegas and vicinity, there are no major 
population centers within 190 miles of the site. There are about 540,000 people 
living within the total area described by a 190 mile radius. The closest off-site areas 
within about 50 miles of the Nevada Test Site are predominantly rural. A small 
number of small communities are located within this area, the three largest being 
Indian Springs, Beatty, and Pahrump Valley. Pahrump Valley is a rural community 
with a 1983 population of 3,600 and is located about 45 miles south of the NTS. 
Indian Springs, with a 1983 population of 1,500, is located on Highway 95 near In- 
dian Springs Air Force Auxiliary Field and is only 15 miles from the nearest border 
of the NTS. Beatty, with a 1983 population of 800, is located 19 miles west of the 



FIGURE 1.3. ~ o ~ u l a t i o n s  surrounding the Nevada Test Site. Based 
upon Data from 19753. 



NTS boundary. The Beatty Township has a 1980 population of 3,524.=e6 The only 
areas of residence on the NTS are in Area 12 base camp and in Mercury. There are 
not any permanent residents within Yucca Flat, only a work force no greater than 
2,000. The 1988 population of Mercury was around 1,500 people. The population of 
Mercury has not fluctuated much from this level and is controlled by the level of 
activity occurrink on the entire NTS. 

HYDROLOGY 

Because underground testing of nuclear weapons clearly raises the possibility of 
radioactivity being carried off the NTS in the ground water, the hydrology of the NTS 
has been the subject of many investigations over the past 30 years. The results of 
these investigations give a general indication of the hydrogeologic setting at most of 
the sites evaluated. However, the data are usually inadequate for accurately predict- 
ing ground-water travel times or travel directions. The authors of reports on the NTS 
hydrology often state that their estimates of various parameters are subject to large 
uncertainties. The uncertainties tend to disappear when the estimates are extracted 
from the original papers for use in other reports, and it needs to be emphasized that 
there remain large gaps in the understanding of the regional hydrology of the NTS. 
Data reported within this document are estimates based upon limited data. In many 
cases, site specific data is not currently available. It is recommended that during 
subsequent phases of study, site specific hydrogeologic data be obtained. 

OFF-SI'IE TEST AREAS 

Ten off-site areas were identified by D O E N .  These sites were the locations of 
safety shots (non-critical nuclear tests), Operation Plowshare Projects or tests con- 
ducted to develop detection methods (Operation Vela Uniform). At these facilities, 
the site is taken to include both the underground cavity produced for the detonation 
(if applicable) and any surface contamination resulting from post-test operations. 

WASTE GENERATED BY NUCLEAR EXPLOSIONS 

The hazardous wastes at most of the sites covered in this report are radioactive 
materials. This fact, plus the manner in which the materials are generated and con- 
tained, makes the waste problems at DOEMV facilities quite different from those at 
more typical "industrial" waste sites. The purpose of this section is to provide back- 
ground information on the wastes present at the site of a nuclear explosion. 

1.12 



Glasstone and Dolanl have compiled a thorough description of the characteris- 
tics of nuclear explosions. The material in this section is for the most part taken 
directly from chapters 2, 6 ,  and 9 of their book. 

The fission or fusion processes in a nuclear weapon leads to the liberation of a 
large amount of energy in a very small period of time within a small quantity of 
matter. As a result, the fission products, bomb casing, and other weapon parts are 
raised to extremely high temperatures, similar to those in the center of the sun. The 
maximum temperature attained by the fission weapon residues is several tens of 
millions of degrees. Because of this great heat produced by the nuclear explosion, all 
of the materials are converted to the gaseous form. Since the gases, at the instant of 
explosion, are restricted to the region occupied by the original constituents in the 
weapon, tremendous pressures will be produced. These pressures are probably over 
a million times that of atmospheric pressure. 

Within less than a millionth of a second of the detonation of a device in the 
atmosphere, the extremely hot weapon residues radiate large amounts of energy, 
mainly as x-rays, which are absorbed within a few feet. This leads to the formation 
of an extremely hot and highly luminous spherical mass of air and gaseous weapon 
residues (the fireball). The surface temperatures of the fireball, upon which the 
brightness depends, do not vary greatly with the total energy yield of the weapon. 
Consequently, the observed brightness of the fireball in an air burst is roughly the 
same, regardless of the amount of energy released in the explosion. Immediately 
after its formation, the fireball begins to grow in size, engulfing the surrounding air. 
  his growth is accompanied by a decrease in temperature because of the increase in 
mass. At the same time, the fireball rises like a hot air balloon. 

While the fireball is still luminous, the temperature in the interior is so high that 
all the weapon materials are in the form of vapor. This includes the radioactive 
fission products, uranium (or plutonium) that has escaped fission, and the weapon 
casing (and other) materials. As the fireball increases in size and cools, the vapors 
condense to form a cloud containing solid particles of the weapon debris, as well as 
many small water particles sucked into the rising fireball. 

Depending on the height of burst of the nuclear weapon and the nature of the 
terrain below, a strong updraft with inflowing winds is produced in the immediate 
vicinity. These afterwinds can cause varying amounts of dirt and debris to be sucked 
up from the earth's surface into the radioactive cloud. Any material sucked into the 



cloud is thoroughly mixed with the weapon residues already entrained. Conse- 

quently, when the vaporized fission products condense they do so on the foreign 
matter, forming highly radioactive particles. As the turbulence of the cloud subsides, 

these radioactive particles begin to settle towards the ground. These particles are 
termed fallout and are the dominant form of residual radioactivity from an above- 

ground nuclear test. The extent and nature of the fallout can range between wide 

extremes. The actual situation is determined by a combination of circumstances 

associated with the energy yield and design of the weapon, the height of the explo- 

sion, the nature of the surface beneath the point of burst, and the meteorological 

conditions. 

Since 1961, most U.S. nuclear tests have been deep underground. A deep un- 

derground explosion is one occurring at such a depth that the effects are essentially 
fully contained. The surface above the detonation point may be disturbed by the 
formation of a shallow subsidence crater or a mound, and ground tremors may be 

detected at a distance. There is usually no significant venting of the weapon residues 

to the atmosphere, although some of the noncondensable gases present may seep out 

gradually through the surface. Almost all of the explosion energy of these tests has 

been contained in the ground and the thermal radiation is almost completely ab- 
sorbed by the ground material, so that it does not represent a significant hazard. 

Most of the neutrons and early gamma rays are also removed, although the capture of 
the neutrons may cause a considerable amount of induced radioactivity in various 

materials present in the soil and rock. This will constitute a small part of the residual 

nuclear radiation, of importance only in close vicinity to the point of burst. Except in 

the few cases where accidental venting or seepage has occurred, the radioactivity 

from these explosions has been confined. 

The phenomena of deep underground detonations can be described best in 

terms of four phases having markedly different time scales. First, the explosion 

energy is released in less than one psecond. As a result, the pressure in the hot gas 

bubble formed will rise to several million atmospheres and the temperature will 

reach approximately 5.6 x 105 OC within a few Geconds. In the second (hydrody- 

namic) stage, which generally is of a few tenths of a second duration, the high pres- 

sure of the hot gases initiates a strong shock wave which breaks away and expands in 

all directions with a velocity equal to, or greater than, the speed of sound in the rock 

medium. During the hydrodynamic phase, the hot gases continue to expand, al- 

though more slowly than initially, and form a cavity of substantial size. At the end of 



this phase, the cavity will have attained its maximum diameter and its walls will be 
lined with molten rock. The shock wave will have reached a distance of some hun- 

dreds of feet ahead of the cavity and it will have crushed or fractured much of the 
rock in the region it has traversed. The shock wave will continue to expand and 
decrease in strength, eventually becoming the leading wave of a train of seismic 
waves. During the third stage the cavity will cool and the molten rock will collect and 
solidify at the bottom of the cavity. Finally, the gas pressure in the cavity decreases to 

the point when it can no longer support the overburden. Then in a matter of seconds 

to hours, the roof falls in and this is followed by progressive collapse of the overlying 
rocks. A tall cylinder, commonly referred to as a chimney, filled with broken rock or 
rubble is formed (Figure 1.4). If the top of the chimney does not reach the ground 
surface, an empty space, roughly equivalent to the cavity volume, will remain at the 
top of the chimney. However, if the collapse of the chimney material should reach 
the surface, the ground will sink into the empty space, thereby forming a subsidence 
crater. The collapse of the roof and the formation of the chimney represents the 

fourth phase of the underground explosion. 

The dimensions of the gas cavity and the chimney depend on the energy yield, 
the nature of the media in which the explosion occurs and the cavity develops, and to 
some extent on the depth of burial. Because of the variability of the conditions, it is 
not possible to state a definitive relationship among the factors involved. As a rough 
approximation, the volume of the cavity may be taken to be proportional to the explo- 
sion energy. Hence, if the cavity is assumed to be spherical, its radius should be 
proportional to W1I3 , where W is the energy yield. For moderately deep (below 

2,000 ft) explosions in dense carbonate rocks, the cavity radius is approximately 25 
ft~'kt'/~ . 

The mixture of fission products from a nuclear explosion is complex. More 
than 300 isotopes of 36 elements have been identified as fission products, though all 
of these are not necessarily present in any one explosion. The total radioactivity of 
the fission products initially is extremely large but it falls off at a fairly rapid rate as 
the result of radioactive decay. At 1 minute after a nuclear explosion, when the 

residual nuclear radiation has been postulated as beginning, the radioactivity of the 
fission products from a 1 kt fission yield explosion is almost 3 x 10'' Ci. 





In addition to direct effects for weapons testing, numerous areas on NTS have 
been used for the burial of radioactive and hazardous wastes. Each of these sites are 
discussed in detail in the various sections. 

DRAFT HRS SCORES 

The draft HRS scores reported here are based on the Uncontrolled Hazardous 
Waste Site Ranking System published in July 1982. A revised version of this system 
is being prepared, but it was not available when this report was being written. 

Numerous difficulties and judgments were encountered when using the scoring 
system to rank nuclear weapons testing areas. The following is a discussion of the 
various difficulties and how they were resolved for this report. 

WASTE CHARACTERISTICS 

During a nuclear test, significant high-energy reactions are obviously taking 
place. These reactions generally are short-lived and the resulting radioactive con- 
taminants are dispersed either in the air, on the surface, or into the surrounding soil. 
The potential for further reactions leading to fire or explosion is therefore deemed 
insignificant. Similar conditions are believed to exist at radioactive waste burial sites 
also due to the dispersed nature of the radioactive elements. Values of zero were 

therefore assigned for the indices of reactivity and ignitability of radionuclides gener- 
ated by nuclear tests. 

Toxicity and compatibility data were taken from Table 1.3. These data were 
utilized by DOE/Richland Operations Office (RHO) in assessing the Hanford Nu- 
clear Reservation. Because radioactive waste can include any of the isotopes listed in 
Table 1.3, maximum values were assigned for the indices of toxicity and persistence. 

In addition to radioisotopes, non-radioactive hazardous materials are associ- 
ated with both above- and below-ground nuclear weapons tests. Although fluid 

samples of cavity water have been analyzed for routine ionic species (calcium, so- 
dium, sulfate, etc.),z no data are available on toxic substances. These substances 
may be emplaced with the weapons to act as shielding or stemming to prevent con- 
tainment failure. Such substances as lead, beryllium, plastics, epoxy, cement, ben- 
tonite, as well as other substances, may therefore be contained in some form within 
the shot cavity. The levels of radioactivity, however, are likely to be of greater con- 
cern due to their toxicity. In this report, radioisotopes were considered as the prime 
hazardous waste in all cases where non-radi6active waste data were not available. 



TABE 1.3. INDEX VALUES FOR RADIONUCIDES. 

No. Nuclide Toxicity Persis Ignit React Incompl Incomp2 

Ac 225 
Am 241 
Am 243 
C14 
Cd 109 
Cm 243 
Cm 244 
Co 60 
Cs 134 
Cs 135 
Cs 137 
Eu 152 
Eu 154 
Fe 55 
I1 3 
1 129 
Mo 93 
Na 22 
Nb 94 
Ni 59 
Ni 63 
Np 237tD 
Np 239 
Pb 210tD 
Pu 238 
Pu 239 
Pu 240 
Pu 241tD 
Pu 242 
Pu 244 
Ra 225 
Ra 226tD 
Sb 125tD 
Sm 151 
Sr 90tD 
Te 99 
Th 228tD 
Th 229tD 
Th 230tD 
Th 232tD 
U 233tD 
U 234 
U 235tD 
U 238tD 
U 240tD 
U depleted 
U enriched 
U natural 
un id alpha 
un id beta 
un id gamma 

0 0 
0 0 
0 0 

4-A 0 
6-B 0 

0 0 
0 0 

6-B 1-B 
3-B 6-B 
3-B 6-B 
3-B 6-B 

0 0 
0 0 

6-B 0 
6-B 0 
6-A 0 
6-B 0 
SAX 0 
6-B 0 
6-B 2-B 
6-B 2-B 

0 0 
0 0 

6-B 0 
4-B 3-B 
4-B 3-B 
4-B 3-B 
4-B 3-B 
4-B 3-B 
4-B 3-B 

0 0 
0 0 

6-B 0 
4-B 3-8 
6-B 3-B 
6-B 0 
6-B 0 
6-B 0 
6-B 0 
6-B 0 
6-B 3-B 
6-B 3-B 
6-B 3-B 
6-B 3-B 
6-B 3-B 
6-B 3-B 
6-B 3-B 
6-B 3-B 

0 0 
0 0 
0 0 



WASTE QUANTITY 

The quantity of waste produced from a nuclear test could not be quantified 
strictly by volume. During a test, a large volume of soil, rock, and other material 
becomes contaminated or is neutron activated and becomes radioactive. As a result, 
the volume of waste present was taken to be the maximum (>3,000 yds3) when data 
were unavailable. In the case of non-nuclear safety shots, the volume of waste was 
assumed to be less than one cubic yard. However, this waste is disseminated through 
large volumes of soil. 

LAND USE 

For sites controlled by DOE or the Department of Defense (DOD), land use was 
considered to be military/industrial/commercial. Rating scores were based upon the 
distance to the closest building. If buildings were not believed to be present within a 
one-mile radius, a land use score of 1 was used in all cases. 

OBSERVED INCIDENT OF DIRECT CONTACT 

There is debate over the consequences of early nuclear weapons testing on the 
health and safety of humans, other animals, and plants. During the review, several 
documented accounts of direct contact exposure were found. These consisted of 
significantly elevated levels of radioactivity in small animals (mice, etc.) in safety 
shot areas where plutonium was present in the soil, and elevated levels of radioactiv- 
ity in mule deer consuming contaminated water in Area 12 on the NTS. Documenta- 
tion did not indicate if such contamination was sufficient to cause illness in the ani- 
mals, but HRS scoring for these sites assumed that these significant levels of radioac- 
tivity could be considered an observed incident of direct contact. 

ACCESSIBILITY 

For DOE and DOD sites, accessibility was generally given a value of 1 (security 
guard but no barriers). Although most sites were fenced and posted, such fencing 
and signs were not adequate to eliminate the intrusion of most animals or the recla- 
mation of the areas by plants. 

At those off-site areas in which contamination was limited to the underground 
test cavity, the depth of burial was considered to be a natural barrier. 



GROUND-WATER USE 

For many areas of the NTS, drinking water wells are not located within 3 miles 
of sites. In these cases, the ground water use score was set at  1, reflecting the idea 
that the ground water is potable and may some day be utilized. 

ROUTE CHARACTERISTICS/FAClLITY SLOPE 

Much of the NTS and the Tonopah Test Range ('ITR) are within the basin and 
range geographic province in which closed basins abound. Sites were considered to 
be in a closed basin only if the site was at or very near the low point of the basin. At 
sites up-gradient from basin playas, the possibility for surface water migration via 
flash floods and subsequent dispersal was believed to constitute a significant hazard 
and a conservative scoring rationale was chosen. 

ONE YEAR, 24 HOUR PRECIPITATION 

During the preliminary assessrhent, data were not available on the 1 year, 24 hr 
precipitation intensity. Where available, 2 years, 24 hr data were used to be conser- 
vative. For the NTS, data from Reference 5 suggests a value of approximately 1 

in124 hr/2 yrs. Where data were unavailable, the maximum score was used. 

WASTE PHYSICAL STATE 

For most areas of radiological contamination in which the contaminants were 
deposited in a solid form (fallout, muck piles, etc.), the waste state was considered to 
be unstabilized and unconsolidated. Fallout debris and safety shot plutonium, al- 
though initially in a fine, almost aerosol state, have been reported to be sorbed into 
soil surfaces and therefore appear to be more realistically classified as unstabilized. 

OBSERVED GROUND-WATER RELEASE 

Based upon the available data, all underground nuclear weapons tests detonated 
near or below the water table will have almost surely contaminated the ground water 
with radioactive isotopes. Most experiments have shown that the primary contami- 
nant is tritium, but other mobile nuclides such as technetium-99, chlorine-36, and 
ruthenium have been detected in fluids withdrawn from test cavities below the water 
table? 



POPULATION/BUILDWG DATA 

For this study, very limited field verification of data was possible. In many 

cases, population data were obtained from reports dating back to the 1960's. As a 

result, additional study is deemed necessary to assess the validity of population data. 

In several cases, data were not available for the specific distances listed in the 

various rating factors of HRS. Conservative, but realistic, estimates were used in all 

such cases. 



REFERENCES 

1. Glasstone, S. and P. J. Dolan. 1977. The Effects of Nuclear Weapons. Dept. of 
Def./Dept. of Energy, 653 pp. 

2. Buddemier, R.W. and D. Isherwood. 1985. Radionuclide Migration Project 1984 
Progress Report. LLNL, pp. 16-19. 

3. Energy Research & Development Administration. 1977. Final Environmental 
Impact Statement, Nevada Test Site, Nye County, Nevada. 

4. O'Farrell, T.P. and L.A. Emery. 1976. Ecology of the Nevada Test Site: A 
Narrative Summary and Annotated Bibliography. DRVBoulder City, 249 pp. 

5. U.S. Department of Commerce. 1968. Climatic Atlas of the United States, 80 

PP. 

6. Richard-Haggard, K. 1983. Demographic Survey Centered Around the Nevada 
Test Site, Nye County, Nevada. Publ. #45028, DRVWRC, 16 pp. 



SECTION 2.1 

COVER SHEET 

NAME OF SITE: Frenchman Flat, Nevada Test Site, Nevada 

LOCATION: Frenchman Flat is located about 60 miles northwest of Las 
Vegas, Nevada. It lies between 36'45' and 36'55'N latitude 
and between 115"50' and 116"Ol'W longitude. 

DISPOSITION: Frenchman Flat is contained within the NTS and the Nellis Air 
Force Range and is, therefore, entirely under the control of the 
U.S. Department of Energy. Prior to 1979, the NTS was under 
the jurisdiction of the Energy Research and Development Ad- 
ministration. Prior to 1975, the Atomic Energy Commission 
controlled the site. 



PRELIMINARY ASSESSMENT REPORT 
FRENCHMAN FLAT, NEVADA TEST SITE, NEVADA 

INTRODUCTION 

Frenchman Flat is a large playa on the boundary between the Nellis Air Force 
Range and the east side of the NTS. The NTS portion of Frenchman Flat was used as 
a testing area for nuclear weapons from 1951 to 1968. 

OVERALL FACILITY DESCRIPTION 

Frenchman Flat comprises most of Area 5 in the southeast part of the NTS 

(Figure 2.1.1). It encompasses an area about 18 miles long and 13 miles wide, 
although roughly half of the area extends east of the NTS onto the Nellis Air Force 
Range. 

ENVIRONMENTAL S E m G  

Frenchman Flat is a closed basin surrounded by mountain ranges. Alluvial fans 
originating at the base of the mountains meet in the center of the basin to form a 
large flat playa and ephemeral lake Prenchrnan Lake). The elevation of the playa is 
about 3,100 ft; the surrounding mountains extend as high as 5,000 ft. 

All land within about 12 miles of Frenchman Flat is part of either the NTS or the 
Nellis Air Force Range and is used only for NTS projects and military training. 
Before its removal from the public domain, the region had minimal use for mining 
and grazing. The lack of available water severely limits more extensive human uses 
of the land. 

The closest sensitive environments are the Desert National Wildlife Refuge that 
is adjacent to the east side of the test site and has joint use of the southern portion of 
the Nellis Bombing Range, and the Devil's Hole section of Death Valley National 
Monument in Ash Meadows, about 40 miles south of Frenchman Flat. This area is 
far enough from the NTS that surface transpoa of contaminants is not a serious 
threat, but the springs of Ash Meadows are an outlet for the aquifers that underlie 
most of the NTS. 

Devil's Hole is also the closest habitat of an endangered animal species, the 
Devil's Hole pupfish, Cyprinodon diabolis. The entire population (about 200) of this 
small fish lives in this one spring. 



FIGURE 2.1.1. Location of Area 5 (Frenchman Flat). 



The flora and fauna of the NTS itself include species characteristic of both the 
Mojave and Great Basin deserts. None of the plants and animals are currently listed 
or officially proposed for listing as endangered or threatened under the Endangered 
Species Act of 1973.9 

HYDROGEOLOGIC SUMMARY 

The center of Frenchman Flat contains about 1,300 ft of alluvial fill from the 
surrounding mountains. This alluvium lies on top of a thick layer of ash flow tuff, 
which in turn overlies Paleozoic carbonate basement rock. 

The distance to the water table is about 700 ft in the wells on the playa and 
increases to 1,200 ft near the edges of the valley. Ground water in the Frenchman 
Flat basin drains through the alluvium into the tuff aquifer and is thought to recharge 
into the regional lower carbonate aquifer. The transmissivity of the tuff is extremely 
low, and flow rates in the lower carbonate aquifer are also low. Estimates of the time 
required for water to move downward from a detonation point and then horizontally 
to the outlet springs in Ash Meadows range from several thousand to two million 
years. lO.11 

The average annual precipitation at Well 5B on the playa is 4.6 in. Rainfall is 
usually associated with either winter storms moving inland from the Pacific Ocean or 
with brief but intense summer thunderstorms. Frenchman Flat is subject to flash 
floods in the summer (the greatest recorded daily precipitation at Well 5B was 1.16 
in, in July 1965);4 because infiltration through the alluvium that fills the valley is 
slow, most of the floodwater collects in Frenchman Lake and remains there until it 
evaporates. 

HUMAN RECEPTORS 

There are no permanent human populations within 4 miles of Frenchman Flat. 
The closest inhabited area is the NTS support camp of Mercury (population about 
1,500) 12 miles to the south. 

The Frenchman Flat area has not been used for nuclear testing since 1968, but it 
is currently the site of a Radioactive Waste Management Site (RWMS) and a liquid 
spill test facility. It can therefore be assumed that a small transient population of 
workers passes through the area on a daily basis. The transient population is likely to 
be less than 100 outside a 0.5-mile radius of the site. 



The water distribution system on the NTS includes 16 supply wells, 4 of which 

(Wells 5A, 5B, 5C, and UeSc) are in Frenchman Flat. Water from these wells is 

sampled monthly to monitor levels of radioactivity.= 

ENVIRONMENTAL RECEPTORS 

There are no known threatened or endangered species that exist on Frenchman 

Flat. The closest occurrence of candidate species is in Area 17, which is 20 miles 

away. Plant and animal species that live on Frenchman Flat are susceptible to uptake 

of surficial contaminants. 

HISTORY 

Frenchman Flat was the site of the first nuclear test on the NTS on January 27, 
1951. Since that time, there have been 15 above-ground tests and five announced 

underground tests in the area (Table 2.1.1). 

As noted above, current activities in Frenchman Flat include the operation of 

the RWMS north of the dry lakebed. As this facility is still in use, it has not been 

included in this Preliminary Assessment. 

Figure 2.1.2 is a rough map of the northeast part of Area 5 showing the locations 

of various sites and facilities. The first five atmospheric nuclear tests in Frenchman 
Flat were all detonated at the same location, denoted "Ranger" in Figure 2.1.2. 

Likewise, the tests from Encore through Sanford in Table 2.1.1 were all detonated at 

the location labeled "Bfa" (Balloon facility a). 

All of the above-ground tests except GMX took place on the dry lakebed of 

Frenchman Lake, and that site is discussed in detail in the next section. GMX was a 

series of 22 "safety shots" that did not result in nuclear fission but did distribute 

small amounts of plutonium over the desert surface. Small levels of radioactive 

contamination do exist in the soil at GMX and near a blockhouse west of the GMX 

site, but these are insignificant compared to the contamination levels at Frenchman 

Lake. 

No information is available about four of the five underground tests. The Cam- 

bric event, described below, was much smaller than the others but has been inten- 

sively studied by DOES Radionuclide Migration Project. 

WASTE GENERATION AND DISPOSAL 

See Site Specific descriptions. 



TABLE 2.1.1. ANNOUNCED NUCLEAR TESTS IN FRENCHMAN FLAT. 

Name Date Operation Yield Description 

Above-mound 
Able 
Baker 
Easy 
Baker-2 
Fox 
Able 
Encore 
Grable 
Met 
Priscilla 
Wrangell 
Sanford 
Hamilton 
Smallboy 
GMX 

Ranger 
Ranger 
Ranger 
Ranger 
Ranger 
Tumbler-Snapper 
Upshot-Knothole 
Upshot-Knothole 
Teapot 
Plumbbob 
Hardtack I1 
Hardtack II 
Hardtack II 
Storax 

I kt 
8 kt 
I kt 
8 kt 

22 kt 
1 kt' 

27 kt 
15 kt 
22 kt 
37 kt 

115~tons 
4.9 kt 
1.2 tons 

low 
none 

Airdrop 
Airdrop 
Airdrop 
Airdrop 
Airdrop 
Airdrop 
Airdrop 
Airburst 
Tower 
Balloon 
Balloon 
Balloon 
Tower 
Tower 
Safety 

Undereround - 

Wishbone 02/18/65 Whetstone <20 kt Shaft 
Cambric 05/14/65 Whetstone 0.75 kt Shaft 
Diluted Waters 06/16/65 Whetstone <20 kt Shaft 
Derringer 09/12/66 Latchkey c20 kt Shaft 
Milk Shake 03/25/68 Crosstie <20 kt Shaft 

OVERALL SITE AND HAZARD ASSESSMENT. 

Of the two sites on Frenchman Flat, Cambric presents the highest potential for 

contamination. The migratory score for this site is 21.23. 



Derringer 

Radioactive Waste 
Nanagement S i t e  

Well 5A - + 

E690000 
FIGURE 2.1.2. bca'tions of Area 5 Tests and Facilities. 



SITE SPECIFIC DESCRIPTION 

Name of Site - Frenchman Lake 

Location - See Figure 2.1.2. 

HISTORY 

Frenchman Lake was the site of all the above-ground nuclear tests in French- 
man Flat except the GMX series. These 14 tests were detonated between 1951 and 
1962 at five distinct ground zeros (GZ). 

The first series of tests was the Ranger series in 1951. These were all atmos- 
pheric tests of weapons dropped from airplanes. Later tests involved devices sus- 
pended from balloons and towers and, in one instance, an airburst of a device fired 
from a 280-mm cannon. 

Many concrete buildings, bunkers, trestles, and other structures remain on 
Frenchman Lake as relics of the days when they were constructed to test the effects 
of a nuclear blast on them. The only current activity on the lakebed is the operation 
of a Liquid Spill Test Facility. 

WASTE GENERATION AND DISPOSAL 

The atmospheric tests at Frenchman Lake had a total fission yield of about 147 
kt. The amount of radioactivity (1 minute post-detonation) resulting from such a 
yield is estimated to be on the order of 5 x 1012 Ci.5 

KNOWN RELEASES 

Many of the fission products were dispersed into the atmosphere immediately 
after the explosions, and much of the residual radioactivity has decayed away in the 
25-plus years since the last atmospheric test. However, substantial amounts of sev- 
eral longer-lived radionuclides remain in the soil and structures. Measurements of 
soiI radioactivity in 1978 and 1979 showed only background levels near the Ranger 
site (possibly because of the altitude at which the devices were detonated), but re- 
vealed significant contamination in a large area around the other four sites.' A pre- 

liminary analysis of yet-to-be-published data from more recent (1985) measure- 
ments by the Radionuclide Inventory and Distribution Program led to the following 
estimates of radionuclide inventories in a 6,000 ft by 10,000 ft area centered on the 
Able GZ: 



0.4 curies of 24lAm 
1.0 curies of 6aCo 
0.4 curies of 137Cs 

12.0 curies of 152Eu 

0.8 curies of 154Eu 

POTENTIAL FOR DIRECT CONTACT OR FIREEXPLOSION HAZARD 

Most of Frenchman Lake is not sufficiently contaminated to be fenced off from 
access by unprotected workers, and it is possible that someone working there could 
come into contact with slightly contaminated soil or other material. However, as all 
NTS workers are closely monitored for radiation exposure through the wearing of 
film badges, the accumulation of a significant dose of radiation is unlikely. The total 
hazardous waste quantity for the site is not known, however, it is assumed as maxi- 
mum. The other waste characteristics for nuclear tests are assumed to be zero as 
discussed in the Introduction. 

The closest buildings and work force population are on the lakebed at the test 
spill facility. Within a two-mile radius the number of buildings is less than 26 and 
the number of workers is no greater than 100. The land use can be considered 
industrial and within one-fourth of a mile. Therefore, the possibility of explosion or 
fire from this site is minimal. 

There has not been a documented incident of illness, injury, or death resulting 
from any direct contact of the contaminants found at Frenchman Flat. The accessi- 
bility to the site is minimal for the general public and the waste is not contained and is 
on the soil surface. The toxicity of the waste is maximum and the distance to a 
critical habitat is greater than 3 miles. 

POTENTIAL FOR GROUND-WATER RELEASE 

Because of the very low precipitation in Frenchman Flat and the low infiltration 
rate through the alluvium, migration of radioacti;ity down to the water table is un- 
likely. Even should small amounts of radionuclides enter the ground water, the long 
travel time from Frenchman Flat to the springs of Ash Meadows makes contamina- 
tion there very unlikely. Somewhat more likely is contamination of the water wells on 
the playa, but monthly monitoring of several of these wells has revealed no elevated 
levels of radioactivity. 



The depth of the aquifer is 700 to 1,200 ft and the hydraulic conductivity is 2.4 x 
to 3.3 x cmlsec. The net precipitation is estimated as -60 inlyr and the 

physical state of the waste is solid and unconsolidated. The waste characteristics are 

all maximum as discussed in the Introduction. 

NUMBER OF WELLS WITHIN A FOUR-MILE RADIUS 

Two water supply wells are located near the western edge of Frenchman Lake 

and are within 4 miles of some of the surface tests. The closest well is within 1 mile 

of the Flat and serves up to 1,700 people (can be distributed to Mercury). 

POTENTIAL FOR SURFACE WATER RELEASE 

There is no surface water in Frenchman Lake except after the infrequent heavy 
rainstorms, and such water that does accumulate there remains until it evaporates or 
a small fraction infiltrates. There is essentially no possibility of radioactivity being 

transported away from Frenchman Lake in surface water. The site is within a closed 

basin. 

There has been no observed release of contaminants to the surface water. The 
facility slope is less than one percent and the 2 years, 24 hr rainfall is 1 in. The 

distance to the nearest surface water is zero miles as Frenchman Flat is an ephemeral 
lake. The waste is not contained. 

POTENTIAL FOR AIR RELEASE 

Air transport of radioactivity is a potential problem due to the possibility of 

resuspension of contaminated soil. The area is subject to high winds (up to 50 mph) 

at all times of the year,' and this certainly contributes to the threat posed by resuspen- 
sion. However, studies in other areas of the NTS suggest that significant resuspen- 
sion is likely to occur only when the desert surface is disturbed.8 As long as the 

Frenchman Lake area is not used for other NTS activities, the threat of airborne 

contamination is probably minimal. 

The waste characteristics have been discussed in previous sections. The total 

population within a four-mile radius is approximately 100 and is approximately 1.5 

miles away. Sensitive environments are not known to exist within Frenchman Flat. 

THREATS TO FOOD CHAIN AND ENVIRONMENT 

The possibility exists for uptake or ingestion of surface-deposited radionuclides 

by plants and animals. No hunting is allowed on the NTS, however. 



CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS for the Frenchman Lake site is included in Appendix 

2.1.A.1. Under the old scoring system, the migratory score for the Frenchman Lake 

site is 16.56. 

Based upon a review of the data, further work is necessary to quantify migration 

by resuspension and plant uptake. 



SITE SPECIFIC DESCRIPTION 

Name of Site - Cambric Underground Nuclear Test 

Location - The Cambric device was detonated in hole U5e, northwest of French- 
man Lake (Figure 2.1.2). 

HISTORY 

The device was placed in the alluvium of Frenchman Flat at a depth of about 

960 ft, roughly 240 ft below the water table. The detonation took place on May 14, 
1965, and had a yield of 0.75 kt. 

On June 20, 1974, a re-entry hole (RNM-1) was drilled through the shot cavity. 
Samples of core material, gas, and water were taken during the drilling, and a pump 
was installed to permit periodic resampling. 

In April 1974, a 1,100-foot-deep satellite well (RNM-2s) was drilled 300 ft 
from the cavity. Continuous pumping from this well began in October 1975 to try to 
induce radionuclide migration with an artificial hydraulic gradient (RNM tracer test). 
Tritium was first detected in the well in 1977; concentrations reached a peak in July 
1980 and decreased thereafter? 

WASTE GENERATION AND DISPOSAL 

A nuclear explosion the size of the Cambric event would be expected to produce 
about 1010 Ci of radioactivity 1 minute after detonation.= 

KNOWN RELEASES 

While no specific information about the Cambric event is available, significant 
radioactivity from most underground tests (i.e., those that are designed to be con- 
tained) remains within the shot cavity except for small amounts of gases that may be 
released during drillback operations. 

POTENTIAL, FOR DIRECT CONTACT OR FIREIEXPLOSION HAZARD 

Assuming that no contamination reached the surface as a direct result of the 
test, the only potential for direct contact is a result of the RNM tracer test. No 

permanent work force is stationed within 2 miles of the site, nor are occupied build- 
ings present within this distance. 



The waste characteristics for an underground test were discussed in the Intro- 

duction. There are not any sensitive environments within the Flat and land use is 
military/industrial. There has not been a documented incident of illness, injury, or 

death resulting from any direct contact of the contaminants found at Cambric. The 

accessibility to the site is minimal for the general public and the waste is fully con- 

tained underground. The toxicity of the waste is maximum and the distance to a 

critical habitat is greater than 3 miles. 

POTENTIAL FOR GROUND-WATER RELEASE 

Ten years after the Cambric event, virtually all of the radioactivity remained in 

the cavity, and significant migration did not occur until pumping from the satellite 

well began. It took 2 years of continuous pumping to move tritium 300 ft from the 

cavity. Under normal conditions, therefore, movement of radioactivity away from 

the shot cavity should be extremely slow, and many thousands of years would pass 

before it traveled the 30 miles to the discharge point at Ash Meadows. During that 

time, radioactive decay and dilution by mixing would reduce the concentrations. 

Existing activities are believed to be recycling tritium to the ground water. This 
is part of an active transport experiment and is not covered under this assessment. 

The depth to the aquifer is zero and the hydraulic conductivity is 2.4 x to 3.3 x 
lo-' cmlsec. The net precipitation is estimated as -60 inlyr and the physical state of 
the waste is liquid and unconsolidated. The waste characteristics are all maximum as 
discussed in the Introduction. 

NUMBER OF WELLS WITHIN A FOUR-MILE RADIUS 

There are two wells (5C, and UeSc) within a four-mile radius of the Cambric 
site. Well 5C supplies water to approximately 1,700 people in both Fkenchman Flat 

and Mercury Valley. The closest well to Cambric is Well 5C and is 13,670 ft away. 

POTENTIAL FOR SURFACE WATER RELEASE 

Surface water from precipitation in Frenchrnah Flat collects in Frenchman Lake 
and remains there. Discharge of tritiated water from RNM-2s is allowed to flow into 
Frenchman Lake (observed release). There has been observed release of contami- 

nants to the surface water. The facility slope is less than one percent and the 2 year, 

24 hr rainfall is 1 in. The distance to the nearest surface water is one-half miles as 

Frenchman Rat is an ephemeral lake. The waste is not contained. 



POTENTIAL FOR AIR RELEASE 

No information is available concerning the stability of the alluvium over the shot 

cavity or the precautions taken to prevent escape of radioactivity from the RNM-I 
re-entry hole. It is not expected that air releases would occur from the cavity. 

Volatilization of tritiated water pumped to the surface and discharged is likely, but 

only in small amounts. 

The waste characteristics have been discussed in previous sections. The total 

population within a four-mile radius is approximately 100 and sensitive environ- 

ments are not known to exist within Frenchman Flat. 

THREAT TO THE FOOD CHATN AND ENVIRONMENT 

There is very little potential for radionuclides to migrate under natural condi- 

tions from the shot crater to the surface. However, since pumping of tritiated water is 
occurring, tritium concentrations in excess of 80,000 pCi/l are present within the 

effluent water from the cavity. This contaminant is readily available to both plants 

and animals in the RNM tracer experiment. 

CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for the Cambric site and is included in Ap- 

pendix 2.1.A.2. Under the old scoring system, the migratory score for the Cambric 

site is 28.53. 

Although significant data has been collected from the Cambric site regarding 

the transport of radionuclides from shot cavities, the regional hydrogeologic data is 
deemed insufficient for long-term prediction of ground-water transport away from 

. the area. It is recommended that studies be focused to better define the hydro- 

geologic environment. 
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APPENDIX 2.1 .A. 1 
HRS WORKSHEETS 

FRENCHMAN LAKE SURFACE TESTING AREA 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 

2  
Waste Characteristics 

I 
7.2 

Direct Evidence 3 1 0  3  

Ignitability 0 1 2 3  1  0  3  

Reactivity 0 1 2 3  1  0  3  

Incompatibility I3 0 1 2 3  1  0  3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1  8 8 

Total Waste Characteristics Score 8 20 

Tareets - 
Distance to Nearest 0  1 . 0  3  4  5  

Population 

Distance to Nearest @ 1 2 3 
Buildine - 

Distance to Sensitive @ 1  2 3  
Environment 

Land Use 

Population Within o w 2  3  4 5 
2-Mile Radius 

Buildings Within 
2-Mile Radius 

0 0 2  3 4  5 

Total Targets Score 

4  
Multiply 1 x 2 x 3  

5 
Divide tine 4  by 1,440 and multiply by 100 s,, = 2.78 



DIRECT CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 8.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 
Accessibility 

3 
Containment 

Waste Characteristics 8.4 

Toxicity 0 1 2 0  5 15 15 

Targets 8.5 

Population Within 0 0 2  3 4 5 4 4 20 
a 1-Mile Radius 

Distance to a @ 1 2  3 4 0 li 
Critical Habitat 

Total Targets Score 4 , 32 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 900 21,600 

7 
Divide lime 6 by 21,600 and multiply by 100 SDC = 4.17 



GROUND' WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 3.2 
Depth to Aquifer 

of Concern 0 1 2 3  2 0 6 

Net Precipitation 8 0 1 2 3  1 0 3 

Permeability of the 
Unsaturated Zone 0 8 2 3 1 1 3 

Physical State 0 1 2 3  1 1 3 

Total Route Characteristics Score 2 15 

3 
Containment 0 1 0 3  1 2 3 3.3 

waste Characteristics 3.4 
ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 
Ground Water Use 0 1 @ 3 3 6 9 

Distance to Nearest y2 41t& i: 1 18 40 
WetVPopulation 
Served 24 30 32 35 40 

Total Targets Score 24 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If lime 1 is 0, multiply 2 x 3 x 4 x 5 2,496 57,330 

7 
Divide line 6 by 57,330 and multiply by 100 Sg, = 4.35 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release @ 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 4.2 
Facility Slope and 

Intervening Terrain @ 1 2 3 1 0 3 

I-yr. 24-hr. Rainfall 0 0  2 3 1 1 3 

Distance to Nearest 
Surface Water 0 1 2 0  2 6 6 

Physical State 0 0 2  3 1 1 3 

Total Route Characteristics Score 8 15 

3 
Containment 1 3 3 4.3 

wasti  Characteristics 4.4 
ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 - 
Distance to a Sensi- 

tive Environment @ 1 2 3 

Population Served 0 4 6 8 1 0  1 0 40 K Distance to Water 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

I 
Divide line 6 by 64,350 and multiply by 100 Ssw = 0 

2.1.21 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 1 45 45 5.1 

Date and Location: During Production Testing 

Samoline Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 5.2 

Reactivity and 
Incompatibility @ 1 2 3 

Toxicity 0 1 2 0  

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 G  1 8 8 

Total Waste Characteristics Score 17 20 

Targets 5.3 

Population Within 0 9 12 15 18 1 12 30 Q 4-Mile Radius 21 24 7 30 

Distance to Sensi- @ 1 2 3 2 0 6 
tive Environment 

Land Use 0 0 2  3 1 1 3 

Total Targets Score 13 39 

4 
Multiply 1 x 2 x 3 9,945 35,100 

5 
Divide line 4 by 35,100 and multiply by 100 sa = 28.33 



HRS SCORE FOR 
FRENCHMAN LAKE SURFACE TESTING AREA 

S , ,  = 0.0 



APPENDIX 2.1.A.2 
HRS WORKSHEETS 

CAMBRIC UNDERGROUND NUCLEAR TEST 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 

Waste Characteristics 7.2 
Direct Evidence 3 1 0 3 

Ignitability 0 1 2 3  1 0 3 

Reactivity 0 1 2 3  1 0 3 

Incompatibility !! 0 1 2 3  1 0 3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 8 20 

Targets 7.3 - 
Distance to Nearest @ 1 2 3 4 5 1 0 5 

Population 

Distance to Nearest @ 1 2 3 
Building - 

Distance to Sensitive @ 1 2 3 
Environment 

Land Use 0 0 2  3 1 1 3 

Population Within @ 1 2 3 4 5 1 0 5 
2-Mile Radius 

Buildings Within @ 1 2 3 4 5  1 0 5 
2-Mile Radius 

Total Targets Score 1 24 

4 
Multiply 1 x 2 x 3 8 1,440 

5 
Divide line 4 by 1,440 and multiply by 100 s,, = 0.55 



DIRECT CONTACT WORK SHEET 

~ a t i n g  Factor 
Assigned Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score (Section) 

1 
Observed Release 45 1 0 45 8.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 
Accessibility 0 0 2  3 1 1 3 8.2 

3 
Containment 0 @ 1 15 15 8.3 

Waste Characteristics 

Toxicity 0 1 2 0  

Targets 

Population Within @ 1 2 3 4 5 
a 1-Mile Radius 

Distance to a 
Critical Habitat 

@ 1 2  3 

Total Targets Score 0 32 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 21,600 

7 
Divide line 6 by,21,600 and multiply by 100 SDC = 0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 1 45 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed reIease is given a score of 0, proceed to line 2. 

Route Characteristics 3.2 
~ e ~ t h  to Aquifer 

of Concern @ 1 2  3 2 0 6 

Net Precipitation @ 1 2 3 1 0 3 

Permeability of the 
Unsaturated Zone 0 10 3 

Physical State 0 1 2 0  

Total Route Characteristics Score 5 15 

3 
Containment 0 1 2 0  1 3 3 3.3 

Waste Characteristics 3.4 
ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 Q .  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 1 0  3 3 6 9 

Distance to Nearest 4 6 8 1 0  1 12 40 
WelVPopulation 
Served 

Total Targets Score 18 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 21,060 57,330 

I 
Divide line 6 by 57,330 and multiply by 100 S~ = 36.73 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 @ 1 45 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 4.2 
Facility Slope and 

Intervening Terrain @ 1 2 3 

1-yr. 24-hr, Rainfall - 0 0  2 3 

Distance to Nearest 
Surface Water 0 0 2  3 2 2 6 

Physical State 0 1 2 0  1 3 3 

1 

Total Route Characteristics Score 6 15 

3 
Containment 0 1 2 0  1 3 3 .  4.3 

Waste Characteristics 4.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 B  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 
Distance to a Sensi- 

tive Environment 0 1 2 3 2 0 6 

Population Served/ 0 4 6 8 1 0  8 1 0 40 Distance to Water 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0. multi~lv 2 x 3 x 4 x 5 0 64.350 

I 
Divide' line 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Rating Factor 
Assigned Value 

(circle one) 
Multi-. Max. Ref. 
plier Score Score (Section) 

1 
Observed Release @ 45 1 0  45 5.1  

Date and Location: During Production Testing 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5 .  

If line 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 

Reactivity and 
Incompatibility ' 0 1 2 3  

Toxicity 0 1 2 3  3 

Hazardous Waste 
Quantity 

Total Waste Characteristics Score 

Targets 

Population Within 0 9 12 15 18 
4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  
tive Environment 

Land Use 

Total Targets Score 

5 
Divide line 4 by 35,100 and multiply by 100 Sa = o  



HRS SCORE FOR 
CAMBRIC UNDERGROUND TEST (AREA 5) 

Sgw = 36.73 

S , ,  = 0.0 



SECTION 2.2 

COVER SHEET 

NAME OF SlTEk Yucca Flat, Nevada Test Site, Nevada 

LOCATION: Yucca Flat is located in Nye County, Nevada, approximately 80 
miles northwest of Las Vegas. Yucca Flat lies between latitudes 
36055'N and 37°10'N and between longitudes 115"55'W and 
116°10W. 

DISPOSITION: Yucca Flat is completely enclosed within the Nevada Test Site. 
It has been under the jurisdiction of the U.S. Department of 
Energy and its predecessor agencies since 1951. 



PRELIMINARY ASSESSMENT REPORT 
YUCCA FLAT, NEVADA TEST SITE, NEVADA 

INTRODUCTION 

Yucca Flat is a valley within south central Nevada, approximately 80 air miles 
northwest of Las Vegas (Figure 2.2.1). It is 19 miles long by 10 miles wide, with an 
elevation ranging from 3,000 to 4,500 ft.1 It is completely surrounded by the Nevada 
Test Site, except for its eastern boundary, which borders the Nellis Air Force Bomb- 
ing and Gunnery Range (Figure 2.2.2). All of the hazardous waste sites within Yucca 
Flat have been generated during the process of nuclear testing and associated nuclear 
research. Within Yucca Flat there are 11 inactive industrial waste sites3 that contain 
either chemical, and/or radioactive wastes. There are also 510 expended nuclear 
detonation sites within the Flat. The industrial sites contain only a fraction of the 
waste that is generated and contained by the nuclear tests. In addition to the indus- 
trial and nuclear sites, Area 11 on the western edge of Yucca Flat was contaminated 
with plutonium during safety tests of nuclear devices. 

The two nuclear tests for which a PA will be conducted are the Sedan and 
Haymaker events. The Sedan test was chosen as it produced measurable levels of 
activity off of the Nevada Test Site.4 Haymaker was chosen as the worst case under- 
ground nuclear test owing to its close proximity to the water table and the Area 3 
camp. 

OVERALL FACILITY DESCRIPTION 

Figures 2.2.1 and 2.2.2 give the general location of Yucca Flat and its relation- 
ship to the rest of the test site. Figure 2.2.3 is a detailed map of Yucca Flat showing 
the locations of the CERCLA sites. Detailed maps of the nine industrial and the three 
nuclear sites are in the various subsections. 

ENVIRONMENTAL SETIWG 

Yucca Flat is a closed basin located in south central Nevada. It is 19 miles long 
by 10 miles wide, with an elevation range of 3,000 to 4,500 ft. The lowest elevation 
occurs in the southern portion of the valley. 

The soils found in Yucca Flat are of great complexity, but are all of an alluvial 
nature. The more coarse soils are found near the mountains and hills and the finer 
ground material is found at the lower elevations. 



FIGURE 2.2.1. Index Map of Nevada Test Site and Vicinity. 

2.2.3 
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FIGURE 2.2.2. Nevada Test Site. 

2.2.4 



FIGURE 2.2.3. Overview of Sites in Yucca Flat. 



The vegetation types found in Yucca Valley are dominantly of the Larrea Ambro- 
sia types which are typical of Mojave Desert vegetation. Numerous species of reptiles 
(principally lizards) exist in Yucca Flat and rodents account for more than half of the 
42 mammalian species found on the NTS. 

HYDROGEOLOGIC SUMMARY 

A general description of the aquifers and aquitards under Yucca Flat and their 
water-bearing characteristics is given in Table 2.2.1.2 The following description of 
the hydrology of Yucca Flat is from Winograd and Thordarson.2 The hydrogeology of 
Yucca Flat is not very well known and is based on only a few data points. This 
information has been interpolated to all of the sites within Yucca Flat. The lake 
evaporation estimate of -60 inlyr was derived at Lake Mead, approximately 60 miles 
from the NTS. 

Ground water beneath Yucca Flat occurs within valley fill, welded-tuff, bed- 
ded-tuff, and lower carbonate aquifers, and within the upper clastic and lower clastic 
aquitards. The depth to water generally ranges from 530 to 1,900 ft beneath the 
surface, and ranges in altitude from 2,500 to 3,700 ft. Beneath the eastern two-thirds 
of the valley, which is underlain by the lower carbonate aquifer, the range in depth to 
water and altitude of the water table is considerably less; here the depth to water 
generally ranges from 1,500 ft near the south end of the valley to 1,885 ft at the north 
end of the valley. Beneath the west-central and southwestern parts of the valley, the 
area underlain chiefly by the upper clastic aquitard, the zone of saturation is consid- 
erably shallower and is more than a thousand feet higher than levels in the eastern 
two-thirds of the valley. Hydraulic gradients within the valley indicate movement of 
ground water downward toward the lower carbonate aquifer. The downward flow 

. across the various aquifers indicates good hydraulic connection between these units. 
It is estimated that approximately 4.2 x 106 frlyr travels from the overlying welded 
tuff and valley fill aquifers to the underlying lower carbonate aquifer. The estimated 
velocity of ground water moving vertically through the tuff aquitard into the lower 
carbonate aquifer beneath Yucca Flat ranges from'0.00048 to 0.2 ftlyr; values toward 
the lower end of the range are more probable. Once flow reaches the lower carbon- 
ate system, flow continues south and southwest towards Frenchman Flat, Mercury 
Valley, and beyond to the east central Amargosa Desert. The estimated velocity of 
ground water in the lower carbonate aquifer beneath Yucca Flat ranges from 0.02 to 
2.0 ftlday. The regional discharge point is Ash Meadows in the Amargosa Desert. 





TABLE 2.2.1 STRATIGRAPHIC AND HYDROGEOLOGIC UNITS AT NEVADA TEST 
SITE AND VICINITY (continued). 

AnttiopV.lky Limr,tun. a n d  ini ly i.SU 5 l i m n r a n  limnton*. 
U 
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Yucca Flat is a closed basin and surface water is not utilized within this basin except 
for ground-water supplies that are temporarily stored in surface reservoirs. These 
reservoirs are placed such that surface drainage into them does not occur. 

HUMAN RECEPTORS 

The only population within a four-mile radius of Yucca Flat is the work force 
employed there. This work force was divided into three groups that are based in the 
following areas: Area 3 base camp, Area 2 support camp, and Control Point. These 
three areas have an estimated population of 425, 280, and up to 1,000, respectively. 

WELLS WITHIN THE AREA 

Domestic or agricultural wells are not present within Yucca Flat or a four-mile 
radius. Potable and industrial water resources are supplied by several wells within 
the Flat. The locations of these wells are shown on Figure 2.2.4. Only five produc- 
tion wells (Wells 2, C, C-1, 4, and UE15d) are located within Yucca Flat. These 

wells serve the work force within Yucca Flat. Each of these is sampled on a weekly 
basis to monitor for radionuclide contamination. 

ENVIRONMENTAL RECEPTORS 

Many types of plants and animals exist on Yucca Flat. A complete listing of 
these species is in Reference 6 .  Those species living close to the above-ground 

nuclear test areas, safety shots, and leachfields are likely to have higher concentra- 
tions of radioactivity in comparison to those living in other locales. Several studies 
have documented the effects of the uptake of transuranics from safety shots to plants 
and animals and the effectsof ionizing radiation from shallow buried nuclear test- 

- l8 

HISTORY 

There have been 510 announced nuclear tests conducted within Yucca Flat. 
These tests include above- and below-ground teHting and safety tests involving en- 
ergy developed by chemical explosives. In addition to nuclear testing, several other 
waste facilities on the NTS have fallen under the jurisdiction of CERCLA. These 
sites are listed in Table 2.2.2.3 The majority of these sites are inactive areas previ- 
ously used for the disposal of decontamination effluent, laboratory effluent, contami- 
nated cores, drill mud, and mining talus. 



FIGURE 2.2.4. Location of Wells Within the Test Site. 

2.2.10 



TABLE 2.2.2. CERCLA SITES wmm\r YUCCA FLAT. 

Site Name Area 

C P 2 & 6  
Ud6 

Subdock Complex 
Core Storage Yard (Area 3) 

BJY 
U8D 
U9Y 

CWD-1 
CWD-2 

EPA-DOE Farm 
Ul5E-Muck Pile 

Decon leachfield 
LANL disposal hole 
Sump 
Buried waste 
Decon sump 
Drillback disposal hole 
Contaminated drill mud 
Buried Pu 
Buried Pu 
Decon sump 
Buried waste 

WASTE GENERATION AND DISPOSAL 

The radioactive contamination that has occurred at Yucca Flat is almost entirely 
generated during nuclear testing. The waste generated by all of the underground 

nuclear tests has been left in situ, except for cores taken during drillback operations. 
Wastes generated during drillback operations were generally deposited back into the 
cavity created by the nuclear detonation. The waste generated by surface testing is in 
situ at a number of sites. However, for those surface test sites that have the highest 
degree of contamination, cleanup and consolidation efforts have been conducted 
since 1979. A total of 31 of these waste consolidation sites have been targeted for 
cleanup with a total of 21 sites completed by the end of 1985.m 

The majority of industrial sites are waste disposal sites. CP 2 & 6 are decontami- 
nation leachfields emanating from the Area 6 decontamination facilities. These 
leachfields contain radioactive and organic solvent wastes. Ud6 is an old well into 
which Los Alamos National Laboratory disposed of classified wastes. The exact 
nature of these wastes is unknown. The Area 3 subdock Complex is the former site 
of a drill bit retipping operation. Wastes may include hazardous liquids and slight 
radioactivity. The Core Storage Yards in Area 3 contain old drill cores that might 
contain radionuclides. BJY is a decontamination facility sump in Area 4 into which 

organic solvents and radioactive decontamination fluids were disposed. U8d is an 
old drill hole into which contaminated fluids were disposed of by Lawrence Liver- 



more National Laboratory. U9y is an old subsidence crater into which contaminated 

drill muds and decontamination wastewater from drillback operations were dumped. 

CWD-1 & 2 are at  the site of Project 56, a series of four safety shots in which pluto- 

nium was dispersed. The EPA farm complex contains an earthen sump used for 

disposing of radioactive wastewater into the soil from experiments of radionuclide 

transport in the food chain. U15e is the muck pile from a nuclear test mine in Area 

15. It contains radioactive debris from underground nuclear testing into which por- 

tions of the affected areas were remined. 

OVERALL SITE AND HAZARD ASSESSMENT 

Yucca Flat contains numerous areas that are slightly contaminated with radioac- 

tive and chemical constituents. Of all the sites located in the area, the Haymaker test 
site the highest. The migratory score for this site is 21.71. The reason this site scored 

significantly higher than other sites is the proximity of the site to a relatively large 
number of people and buildings. The scoring does not reflect that emissions of 

radionuclides to the air was a one-time event, which is not expected to occur again. 
Nor do the other scores reflect areas such as Area 11 that are very hazardous, but 

scored low owing to the lack of nearby populations and water wells. 



SITE SPECIFIC DESCFWTION 

Name of Site - Haymaker Nuclear Test, Yucca Flat, Area 3 

Location - The location of the Haymaker site is on Figure 2.2.5. 

HISTORY 

Haymaker was a nuclear test conducted by Los Alamos National Laboratory as 
part of Operation Nougat on June 27, 1961 in the Area 3 region of Yucca Flat. The 
subsidence crater that formed after the test is approximately 980 ft across and 65 ft 
deep. The test was routine and the event was essentially contained.21 The subsidence 
crater of this event is currently being used as a sanitary landfill. The operations 
conducted there do not create the potential for release of radionuclides, owing to the 
great depth to the shot cavity. 

WASTE GENERATION AND DISPOSAL 

Radionuclides produced during an underground nuclear test are usually con- 
tained. The estimated amount of waste generated by the Haymaker nuclear test was 
2.0 x 1012 Ci at 1 minute after detonation. The radionuclides were dispersed in a 
cavity of an estimated volume of 12 x 108 ft?. The radioisotopes produced by this test 
have decayed over the last 26 years to a fraction of the initial concentrations.'o The 
radionuclides still present are primarily contained in the bottom of the shot cavity, as 
well as more mobile species such as tritium. The radiogenic and stable products of 
the test are diluted in concentration through mixing with the rock that was originally 
in the shot cavity. 

KNOWN RELEASES 

Only small amounts of radiogenic gases are known to have emanated above- 
ground from the detonation of Haymaker. This was a one-time event occurring at 
the ground zero (GZ) point. Contamination of the ground water below the site is 
assumed to have occurred as it is within 100 m' of the water table. 

POTENTIAL FOR DIRECT CONTACT OR FIREEXPLOSION HAZARD 

Owing to the great depth of burial for Haymaker, there is no chance for direct 
contact with the radionuclides. The radionuclides are virtually contained and com- 
pletely inaccessible. The possibility for fire and explosion at the site is minimal. The 



FIGURE 2.2.5. Haymaker Site. 



radionuclides in their pure forms can be reactive and ignitable, however, in their 

present state the radionuclides are thought to be sorbed onto relatively widely dis- 

seminated particles at low concentrations. This dispersal eliminates all chances for 

fire and explosion hazards at the Haymaker site. 

The distance to the nearest worker population and buildings (Area 3 base camp) 

is approximately 1,970 ft. The total number of buildings within a two-mile radius is 

approximately 54 and the total worker population within 2 miles is 425. A constant 

hydrologic and air monitoring program is conducted for the test site to determine if 

on-site contamination has occurred. 

P O T E m  FOR GROUND-WATER RELEASES 

Contamination of the ground water is assumed to have occurred as the test was 

detonated near or below the ground-water table. The exact depth of emplacement is 
classified information. Other tests, such as Nash in Area 2 of Yucca Flat, were 

detonated near the water table and produced measurable contamination of the 
ground water.22 Owing to the proximity of the test to the water table, the large radius 

of the cavity, the possibility of gaseous radionuclides traveling through the fractured 

rock during the detonation, and a possible localized rise in the water table due to 
testing, there is a very good chance of ground-water contamination and it is assumed 

that contamination of the ground water from radionuclides generated during the 
detonation of Haymaker has occurred. Studies which can verify or negate this as- 

sumption have not been conducted. Ground water is not utilized within three miles of 

Area 3 camp or the Haymaker site. 

NUMBER OF WELLS WITHIN A FOUR-MILE RADIUS 

There are no active wells within four miles of Haymaker or Area 3 camp. As 

detailed in the hydrogeology section, a total of 25 acre-ft/yr of ground water is 

thought to move from the tuffaceous aquifers to the underlying carbonate aquifer at a 

velocity of 0.0005 to 0.2 fUyr.2 The aquifers in and around the Haymaker site are 
interconnected, however, the rate of flux is small. 



POTENTIAL FOR SURFACE WATER RELEASES 

Other than radiogenic gas releases at the time of detonation, there have not been 

surficial releases of radionuclides at the Haymaker site. Permanent natural lakes or 
streams do not exist within the NTS and open reservoirs are monitored for possible 

contamination by radionuclides.27 The closest location of these reservoirs is the one 

located at Well A, only 1,900 ft away from the Haymaker site.6 All of the water 

present in the reservoir is supplied by pumpage from Well C, C1, and Well 4 over 8 

miles away. The closest intermittent stream is approximately 2,000 ft away. This 

stream is likely to flow only once every few years and is not utilized for surface 

waters. The lack of surficial contamination, the depth of burial of the contaminants, 
the distance to the closest intermittent stream, and the monitoring of the single reser- 

voir that is close to the site create a very negligible potential for surface water re- 

leases. 

POTENTIAL FOR AIR RELEASES 

Venting of trace amounts of radiation did occur at the Haymaker site.21 The 

radionuclides vented were a one-time event and were considered normal by the Ra- 
diological Safety Group on the NTS. Since the cavity has depressurized and sub- 

sided, no further releases to the air are anticipated. 

THREATS TO THE FOOD CHAIN 

Prohibitions against sport hunting exist on the Nevada Test Site and access to 

the NTS is restricted to only authorized personnel.1 This, coupled with the fact that 

all radionuclides have been essentially contained within the shot cavity of Haymaker, 

limits the threat to man's or another species' food chain or environment from this 

site. 

CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for thetHaymaker site and is included in 

Appendix 2.2.A.1. Under the existing scoring system, the migratory score for 

Haymaker is 22.55. Air contamination from this site is not expected to occur again. 



It is recommended that studies be continued to study the migration of radionu- 

clides from shot cavities to the ground-water system. The data base is also insuffi- 

cient to confidentially predict the long-term impacts in the regional ground-water 

system. 



SITE SPECIFIC DESCRlFTION 

Site Name - Sedan Nuclear Test, Yucca Flat, Area 10 

Location - The location ,of the Sedan site is shown on Figure 2.2.6. 

HISTORY 

The following is a brief description of the Sedan Site? 

The Sedan experiment, part of the Atomic Energy Commission's Plowshare 
Program to develop peaceful uses for nuclear explosives, consisted of detonating a 
thermonuclear device 635 ft underground in the alluvial flats at the northern part of 
the Nevada Test Site. The device was a relatively clean device in which fission con- 
tributed less than 30 percent of the total yield. It was emplaced in a 36-inch-diame- 
ter cased hole that was backfilled with sand. Detonation occurred at 10:OO a.m. Pa- 
cific Daylight Time on July 6, 1962. 

The Sedan event was designed to produce a surface blast crater in order to test 
the feasibility of using nuclear devices for the purpose of large-scale excavations. 
The detonation formed a crater measuring about 1,200 ft across and 320 ft deep. 
Approximately 2.0 x 108 fP of earth and rock were removed. The lip of the crater 
varied in height from about 20 to almost 100 ft. The predicted crater diameter was 
1,200 to 1,400 ft and the depth from about 150 to 300 ft deep. As expected, most of 
the radioactivity produced by the explosion was trapped underground. The cloud, 
carrying dust and the small fraction of radioactivity which was not trapped under- 
ground or deposited close to the crater, drifted north at a speed of about 12 mph. The 
heavier fallout was confined to within 2 miles upwind and 4 miles downwind of GZ. 
Some of the smaller earth particles formed a dust cloud which rose to a height of 

. about 12,000 ft above the desert floor, somewhat higher than expected. The ejecta or 

earth materials deposited on the desert surface around the crater consisted of large 
rock missiles on long trajectories, alluvium lifted and ejected in mass, and materials 
which remained airborne for longer times. Fine particles remaining in the cloud 
were transported greater distances from the crater and constitute close-in and long 
range  fallout.^ Sedan ejecta was laid down as a relatively simple substratum com- 
posed of bulk ejected materials covered by a layer of missile ejecta which fell at later 
times. At the edge of the crater, a hinge effect occurred, and a large portion of the 
ejecta forming the apparent crater lip is actually overturned alluvium, which was 
covered by missile ejecta.25 The radioactive products of the Sedan detonation were 



LlGURE 2.2.6. Sedan Site. 



present in the fireball and mixed into the mass of earth moved by the detonation. As 
the fireball cooled, condensation occurred, and radioactivity in various forms was 
scavenged by earth materials entering the cloud. 

WASTE GENERATION AND DISPOSAL 

The estimated amount of waste generated by the Sedan nuclear test was 3.0 x 
1012 Ci at 1 minute after detonation.19 The radionuclides were dispersed in surficial 
material with a total volume of 2.0 x 108 ft3. The radionuclides still present within the 
crater are contained primarily under the ejecta.24 The radiogenic and stable products 
of the test are diluted in concentration through mixing with the alluvium.that was 
originally in the crater. 

KNOWN RELEASES 

The extent of radionuclide contamination to the land surface is documented in 
Reference 45. Extensive surface contamination of the land surface occurred as ex- 
pected. Airborne particulate transport created fallout both on- and off-site27 (Figure 
2.2.7). Even though the levels of radioactivity dropped off rather quickly in the ejecta 
and fallout of Sedan to acceptable levels, a contamination event did occur to the air 
and land surface. 

POTENTIAL FOR DIRECT CONTACT OR FIRE/EXPLOSION HAZARD 

Owing to the radiological safety efforts conducted by the members of the Radio- 
logical Safety Division, Health, Medicine, and Safety Department of Reynolds Elec- 
trical and Engineering Co., Inc., there were no documented personal exposure limits 
above 300 mr. Those persons who registered above background levels were decon- 
taminated until acceptable levels were reached.24 Thus, an observed incident of con- 
tamination from this site has occurred. The number of workers within a one-mile 
radius is essentially zero as no base camp exists within this area, nor is there a critical 
habitat for endangered species present within 1 mile of the Sedan site. Owing to the 
length of time since the detonation, a large fraction of the radionuclides have de- 
cayed to more stable forms and decreased radioactivity to near background levels. 
The security and safety procedures in place at the NTSl and the low levels of radioac- 
tivity minimize the chance for hazards derived from direct contact with the 
radionuclides produced by the detonation of Sedan. 

The large volume of material into which the weapon debris was mixed mini- 
mizes the possibility of fire and explosion. The residual radioactive products of the 
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Sedan event are bound primarily to soil particles and are not likely to become mobile. 
The dilute state of the radionuclides is such that quantities do not exist for reactions 
to occur. The distance to the nearest worker population is greater than 3 miles as is 
the distance to the nearest building. There are no sensitive environments within 3 
miles of the site and land use can be termed military/industrial (used for under- 
ground nuclear testing) within one-half mile of the site.23 

POTENTIAL FOR GROUND-WATER RELEASES 
Contamination of the ground water is assumed not to have occurred as the test 

was detonated approximately 1,300 ft above the regional ground-water table.24,26 
The great depth of burial, the low mean annual precipitation for Yucca Flat (4 in/yr),e 
and the large annual lake evaporation rate (-60 in/yr)7 create a very small potential 
for ground-water contamination from the Sedan site. The generalized hydraulic 
parameters for the alluvium at the site and the underlying tuffaceous units has been 
discussed in the introductory sections. The physical state of the waste is solid and 
stabilized. The containment of the residual radioactivity is within the crater and may 
be essentially complete. A study investigating the movement of radionuclides from 
the shot cavity revealed the more mobile radioisotopes moved approximately 3 ft in 7 

years after detonation.26 

NUMBER OF WELLS WKHN A FOUR-MILE RADIUS 
There are a large number of drill hole sites in and around the Sedan site, how- 

ever none of these are utilized for drinking or industrial  purpose^.^,^ The closest 
supply well is in Area 15 approximately 2.25 miles away= and serves less than 100 
people with industrial water. Another well, Well 2 is 2.5 miles away and serves up to 
285 people with industrial water. As detailed in the hydrogeology section, a total of 
25 acre-ft/yr of ground water moves from the tuffaceous aquifers to the underlying 
carbonate aquifer at a velocity of 0.0005 to 0.20 acre-fVyr.2 The aquifers in and 
around the Sedan site are interconnected, however, the rate of flux is small. 

POTENTIAL FOR SURFACE WATER RELEASES 
Significant amounts of radionuclides were deposited in a 8.2 mi2 area during the 

detonation of the Sedan event.24 Since there are not any natural streams or springs 
within the area, no observed releases have occurred to surface waters. The closest 
intermittent stream is approximately 2,000 ft away and may flow only once every few 
years. Open reservoirs do not exist within 3 miles of the Sedan Site and the nearby 
intermittent stream is not utilized for supply purposes. Sensitive environments are 



not present near the Sedan Site, thus there is not a hazard to environment or man 

from possible surface water releases. 

POTENTIAL FOR AIR RELEASES 

An air release of radionuclides during the detonation of the Sedan event was 

documented. It is estimated that 2.0 x 108 ft3 of earth was moved25 and underwent at 
least temporary contamination during the detonation. As stated before, there are no 

populations within a four-mile radius of the Sedan Site, nor are there any sensitive 

environments. Land use around Sedan can be considered to be military/industrial. 

THREATS TO THE FOOD CHAIN AND ENVIRONMENT 

Prohibitions against sport hunting exist on the Nevada Test Site and access to 
the NTS is restricted to only authorized personnel.1 The minimized accessibility 

minimizes the possibility of a threat to man's or another species' food chain from this 
site. Definite contamination of the environment occurred directly after detonation of 
the Sedan Test. Large areas were contaminated and a reduction in vegetation due to 
ionizing radiation occurred.17 Damage was incurred to both annual and perennial 

species.16 Subsequent uptake of transuranics by vegetation is slow and is usually 
concentrated on the order of 1/1000 of that of the soi1.v Small invertebrates are 

susceptible to transuranic uptake from abraded skin and inhalation.14 Therefore, 
threats to the food chain were present immediately following the blast, and the dam- 

age has already been completed. Additional threats do not likely exist owing to the 

low activity and concentrations of the radionuclides present at the Sedan site. 

CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for the Sedan site and is included in Appen- 

dix 2.2.A.2. Under the old scoring system, the migratory score for Sedan is 16.56. 

Significant data has been collected on radioactivity impacts on plants and ani- 

mals at the Sedan site. It is recommended that these data be reviewed in greater 



detail than in the PA phase to determine their applicability to present regulations. In 
addition, recent research has shown subsidence craters to be active ground-water 

recharge areas. The Sedan site should be reviewed in light of these results. 



SITE SPECIFIC DESClUtTION 

Site Name - Project 56 and Contaminated Waste Dumps, Yucca Flat, Area 11 

Location - The locations of the Contaminated Waste Dumps and Safety Shots 
are shown on Figure 2.2.8. 

HISTORY 

The following is a brief description of the Area 11 Sites:31e32 

Project 56 was a series of four safety shots conducted on the surface at the 
eastern edge of Yucca Flat, which is known as Plutonium Valley. Safety shots are 
experiments designed to confirm a nuclear explosion will not occur in case of an 
accidental detonation of the chemical explosives associated with the device. The four 
tests are known as Project 56 #1-4, or A-D, and were detonated on November 1, 3, 
and 5, 1955 and January 18, 1956.4 The area of the detonations is shown approxi- 
mately on Figure 2.2.8. Nuclear reactions did not occur to any appreciable degree at 
any of the test sites, however, plutonium was present and dispersed at the last three 
tests. In 1956, the Project 56 safety shots were concluded and decontamination ef- 
forts were conducted from mid-1956 to the early 1960's (Earl Sorom, personal com- 
munication, February 22, 1988). Numerous studies by the Nevada Applied Ecology 
Group have documented the extent of plutonium d i ~ p e r s a l . l ~ * ~ ~ ~ ~ ~  -16s18,33-37 Large 
areas of Area 11 remain contaminated by transuranics from these shots. Early 
cleanup efforts resulted in two trenches being excavated and filled with contaminated 
debris from the tests, including cables and other scrap metal, boots, coveralls, and 
possibly wood contaminated from the shots. These trenches were unlined and were 
covered with soil in the early 1960's (Earl Sorom, personal communication, February 
22, 1988). The trenches are known as Area 11 contaminated waste dumps 1 and 2 

, (CWD-I and CWD-2). 

WASTE GENERATION AND DISPOSAL 

The waste generated during the safety shots is unlike that created during a nu- 
clear test. The majority of the device's fissionablk and fusionable material remains 
unaltered by the chemical explosives that are used to attempt an accidental nuclear 
explosion. The results of such a test are dispersal of the transuranics (in this case, 
mainly plutonium) to the surrounding environment. The CWD #1 and 2 were created 
during cleanup and other operations conducted within the plutonium-contaminated 
environments. 





KNOWN RELEASES 

Profile samples indicate that the majority of plutonium distributed by safety 

shots in Area 11 is present in the top 2 in. of the soil. For the Area 11 shots, there are 

three areas of primary contamination, sites B, C, D, as well as overlap from sites C 

and D, and the low-level area surrounding the site. The plutonium-239,240 inven- 

tory for all of Area 11 is 36 k 4  Ci, which is divided between B site (6.2 1.1), C site 

(7.8 k 1.7), D site (17.1 k 3.2), a CD overlap region (0.75 k 0.32), and the low level 

region surrounding these sites (4.5 k 1.4).35,36 The total number of curies deposited 

within the contaminated waste dumps is not included in this inventory. Six samples 

were taken from CWD #I and four samples were taken from CWD #2. The results 

are presented in Table 2.2.3. Americium-241 and plutonium-239 are present in the 

greatest concentrations. 

POTENTIAL FOR DIRECT CONTACT OR FIREfEXPLQSION HAZARD 

Documented contamination of plant and animals has occurred at the safety 

shots conducted in Area 11. A series of reports documents the effect that the acti- 
nides and ionizing radiation have had on the resident rodent and plant popula- 
t i o n ~ . ' ~ * ~ ~ ~ ' ~ ~ ~ ~  The results indicate a decrease in the number of leukocytes in the 

rodent populations and chromosomal aberrations in certain plants within Area 11 
safety shot sites. There are not any populations within 1 mile of the safety shot sites, 
and within this area there are not any critical habitats of endangered species. There 

is not the same direct contact risk for the CWD's as there is for the safety shots, 
owing to consolidation and the layer of soil that covers the waste. The potential for 

fire and explosion at the Area 11 sites is very slight for the following reasons: all of 
the components present at this site were once incorporated into a device at very high 

concentrations. Even at these concentrations there was not a potential for fire and 

explosion. The transuranics wastes listed in Table 1,1 are all compatible, and in their 

concentrated state have ignitability and reactivity~values up to 3 and 2 respectively. 
However, in their presently diffused state, these values are realistically zero. The 
nearest buildings and populations are at the Tweezer facilities approximately 1 mile 

away.6 The land use of the area can be termed militarylindustrial, and the number of 

buildings is 10 and population within a two-mile radius is unavailable, but is likely 

less than 100. 



T A B E  2.2.3. CONTAMINANTS FOUND AT AREA 11. 

Gamma 
Depth Reading Activity Percent 

Site Location (cm) ( M I  Isotope (pcilgm) Error (20) Remarks 

Area 11 
CWD #1 

Area 11 
CWD #1 

Area 11 
N 
h) 

CWD #1 

b 
OD Area 11 

CWD #1 

Area 11 
CWD #1 

Area 11 
CWD #1 

'Area 11 
CWD #2 

#1 167-183 18 
bottom 

#1 0-15 17 
surface 

#1 0-183 17 
tailing 

#2 106-122 . 17 
bottom 

#2 0-15 17 
surface 

#2 0-122 17 
tailiig 

#1 0-15 18 
surface 

13.1 PAC-4G measurement 
8.5 200 cpm 

22.2 
14.6 
35.8 



TABLE 2.2.3. (continued) 

Gamma 
Depth Reading Activity Percent 

Site Location (cm) ( M I  Isotope (pCigm) Error (20) Remarks 

Area 11 #2 0-15 19 K-40 16.800 14.6 PAC-4G measurement 
ern #2 surface Am-241 563.000 8.5 350 cpm 

(3-137 0.558 22.2 

Area 11 #3 0-15 18 K-40 27.300 12.1 PAC-4G measurement 
CWD #2 surface Am-241 154.000 8.6 75 cpm 

(3-137 1.280 15.0 
Ra-226 1.520 18.2 

N Th-228 2.380 12.4 
Y Area 11 #4 0-15 20 K-40 24.200 10.8 PAC-4G measurement 
w CWD #2 surface Am-241 477.000 8.5 300 cpm 

CS-137 0.558 18.4 
Ra-226 1.210 16.1 



POTENTIAL FOR GROUND-WATER RELEASES 

Contamination of the ground water is assumed not to have occurred as the sur- 
face of Area 11 is approximately 1,850 ft above the regional ground-water table.26 
There has been no documentable evidence of ground-water contamination in this 
area, nor are there any wells within 3 miles of the shot sites that are utilized for 
supply or drinking purposes. The great depth to water, the very low average annual 
precipitation for Yucca Flat (4 in/yr)e, the large annual lake evaporation rate (-60 
in/yr)7 and the lack of ground water utilization create a very small potential for 
ground-water contamination from the Area 11 sites. 

NUMBER OF WELLS WITHIN A FOUR-MILE RADIUS 

There are a large number of drill hole sites in Yucca Flat, however, none of 
these are utilized for drinking or industrial p ~ r p o s e s . ~ ~ , ~  The closest supply well is in 
Area 6 approximately 4 miles a w a y  and serves less than 1,400 people. The general- 
ized hydraulic parameters of the aquifers in Yucca Flat are detailed in the hydrogeol- 
ogy section. The aquifers in and around the Area 11 sites are interconnected, how- 
ever, the rate of flux is small (25 acre-ftlyr). 

POTENTIAL FOR SURFACE WATER RELEASES 

A total of 36 4 Cis of plutonium were deposited on 1.8 mi? This amount of 
material is present within the top 20 in. of the soil surface, and is readily moved by 
surface water transport. However, there are only intermittent streams present within 
Area 11. None of the intermittent streams are used for water supply. There are no 
wetlands or critical habitats for threatened species along the intermittent stream 
draining the safety shot and CWD's of Area 11. 

POTENTIAL FOR AIR RELEASES 

The following is a description of the resuspension of plutonium into the air:*= 

Recent studies by the Nevada Applied Ecology Group (NAEG) in the aged fall- 
out areas at the NTS and Tonopah Test Range (lTR) where plutonium was dispersed 
by chemical explosives, give evidence that this partitioning and patterning has contin- 
ued to be reflected in the superficial contamination of the indigenous vegetation. The 
vegetation to soil inventories determined in the various activity strata within several 
different fallout patterns seem to show that a greater proportion of the pluto- 



nium-239,240 source material has moved onto vegetation at greater distances away 
from GZ. The dominant force in moving contaminated particulate matter is the 
wind. Therefore, the above evidence indicates an observed air release of suspen- 
dable plutonium particles. The population within a four-mile radius is assumed to be 
less than 200. The land use is for militarylindustrial purposes. 

THREATS TO THE FOOD CHAIN AND ENVIRONMENT 

Prohibitions against sport hunting exist on the NTS and access is restricted to 
only authorized personnel.1 In their present, natural states, the plutonium-contami- 
nated sites at NTS present no radiological hazard to grazing animals and mankind so 
long as residence within the fenced exclusion areas is prohibited. However, those 
plants and small vertebrates within the fenced exclusion areas of the safety shots 
have already undergone c o n t a m i n a t i ~ n . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

Plants and animals are likely to have chromosome aberrations due to constant 
exposure to ionizing radiation, and vertebrates are likely to have elevated plutonium 
within certain tissues of their bodies.14~16,18~33 

CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for the Area 11 sites and is included in A p  
pendix 2.2.A.3. Under the old scoring system, the migratory score for the Area 11 
sites is 9.66. The direct contact score was 12.5. 

Surface contamination by plutonium is believed to pose a significant hazard. It 
is recommended that cleanup alternatives be generated for this site. 



SITE SPECIFIC DESCRETION 

Site Name - EPA Farm Complex, Yucca Flat, Area 11 

Location - The location of the EPA Farm Complex is shown on Figures 2.2.3 

and 2.2.9. 

HISTORY 

The EPA farm complex is located in Area 15 in the northern section of Yucca 

Flat and covers about 35 acres. From the 1960's to 1981, the EPA farm complex was 

used to study the air-forage-cow-milk chain for the transport of radioactive iodine 

and other radionuclides, including transuranics. The purpose of the experiments was 
to determine metabolism and biological transfer rates of various radionuclides, 
heavy metals, and other environmental contaminants. Dairy cattle and goat studies 

were the hot-lab type, where the contaminated animals were confined in metabolism 
stalls and all excreta were collected for analyses and appropriate waste disposal.1 

These wastes were initially disposed of in an earthen-lined sump. When the farm 
began transuranics studies, the decision was made to install a 15,000-gallon tank 

taken during the cleanup of the Tatum Dome off-site nuclear test, and use it as a 
temporary holding tank for the contaminated effluent. This tank would be periodi- 
cally pumped out and the wastewater would be discharged into hole U8d, which is 
assessed in a following section. The tank still contains sludge from these operations 
(Earl Sorom, personal communication, March 2, 1988). 

WASTE GENERATION AND DISPOSAL 

Experiments at the EPA farm complex involved the introduction of various 

radionuclides, heavy metals, and other environmental contaminants to cattle, goats, 

and vegetation. The waste generated (both chemical and radioactive) by experi- 

ments at the farm complex were disposed of, until the early 19701s, in an earthen 

sump located southeast of the facility. This sump is known as the rad sump. Was- 

tewater was routinely discharged into the sump where the liquids would percolate 

into the soil and also evaporate into the air.' The types of wastes known to have been 

introdqced to the rad sumps include cesium, strontium, and radioactive iodine, heavy 

metals, and other non-specified environmental contaminants.1 The total activity of 

the cesium within the sump is estimated as 1 x 10" pCi/g (Earl Sorom, personal 

communication, March 2, 1988). 
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FIGURE 2.2.9. EPA Farm Rad Sump Site. 
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KNOWN RELEASES 

There has been no known release of contaminants from the rad sump to the 
surface environment. Introduction of contaminated wastewater to the unsaturated 
zone has occurred owing to the design of the sump. Sampling at this site was initiated 
in February 1988 and the results will be returned in June 1988. As of this time, no 
documentable evidence exists that indicates a release to the environment. The rad 
sump is suspected to be unlined37 and was dry during an inspection conducted during 
June 1987.37 

PQTENTIAL FOR DIRECT CONTACT OR FIREEXPLOSION HAZARD 

Documented contamination of plant and animals has not occurred as a result of 
wastewater disposed of in the rad sump of the farm complex. During the June in- 
spection, the rad sump appeared dry, all wastes that had been injected into the sump 
had migrated from the sump into the surrounding soils. During this migration, the 
waste diffused into the soil where a potential for fire or explosion is very unlikely. 
There does not exist any direct evidence for the potential for fire and explosion from 
this site. The hazardous waste quantity is unknown but is assumed to be small. 
Gross gamma measurements taken at the farm complex from January 16, 1985 to 
January 26, 1985, indicate a total dose of 97 mredyr.27 This level is lower than the 
background levels of 130 mredyr found throughout the region.' The distance to the 
nearest population is greater than 2 miles and the nearest buildings are approxi- 
mately 330 ft away (Figure 2.2.9). The land use in this area can be termed military1 
industrial and there are approximately 10 permanent structures within 2 miles of the 
rad sump. 

POTENTIAL FOR GROUND-WATER RELEASES 

Contamination of the ground water is assumed not to have occurred at the EPA 
farm complex for the following reasons: depth to the water table is a minimum of 
500 ft, net precipitation is -60 intyr,"' and the waste at the rad sump is assumed to be 
diffuse. Contamination may have occurred if sufficient volumes of water were dis- 
charged to the sump. 

NUMBER OF WELLS WITHIN A FOUR-MILE RADIUS 

There are no water supply wells within a four-mile radius of the EPA farm 
complex rad sump that are currently being utilized. An irrigation well (UElSd), 

located only a few hundred feet from the sump, used while the farm was in operation, 



is currently utilized for construction purposes. There are numerous drill holes that 
were constructed for the purpose of nuclear testing, however, none of these are used 
for drinking or industrial  purpose^.^*^ The second closest industrial supply well is in 
Area 2 and is 2.8 miles away.0 The total population that is served by these wells are 
less than 400 people. 

POTENTIAL FOR SURFACE WATER RELEASES 

There has been no release of radioactive or chemical waste from the rad sump at 
the EPA farm complex to surface water. The closest intermittent stream to the farm 
complex is within 0.6 miles.39 However, there are no surface waters that are utilized 
out of this stream for any purpose. From this evidence there is limited potential for 
surface water releases from this site. 

POTENTIAL FOR AIR RELEASES 

There has been no documented release of radionuclides or chemicals to the air 
from the rad sump at the EPA farm c o m p l e ~ . ~ ~ , ~  The waste that was put into the 
sump has infiltrated into the soil and is no longer directly in contact with the atmos- 
phere. Volatilization is also unlikely. 

THREATS TO THE FOOD CHAIN AND ENVIRONMENT 

Prohibitions against sport hunting exist on the Nevada Test Site and access to 
the NTS is restricted to only authorized persomel.~ This, coupled with the fact that 
all radionuclides are likely contained underground in the soils surrounding the rad 
sump at the EPA farm complex, demonstrates the unlikelihood of a threat to man's 
or another species' food chain from this site. Uptake of nuclides by deep-rooted 
plants has not been investigated at this site. 

CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for the EPA farm complex rad sump and is 
included in Appendix 2.2.A.4. Under the old scoring system, the migratory score for 
the EPA farm complex rad sump is 5.5. 

Recommendation for future work include sampling of the soil around the sump 

to determine the depth of contaminations to insure that the ground water is not im- 
pacted. Bio-barriers may be necessary to preclude uptake of radionuclides by deep- 
rooted plants. 



SITE SPECIFIC DESCIUITION 

Site Name - U15e Muck Pile, Northern Yucca Flat, Area 15 

Location - The location of the U15e muck pile is shown on Figure 2.2.10. 

HISTORY 

U15e is an adit which was mined into the side of Quartzite Ridge in the northern 
section of Yucca Flat. The adit (known as U15e tunnel) was mined specifically for 
the purpose of nuclear testing. Mining of the adit began during the early part of 1965 
and a nuclear test known as Tiny Tot was conducted on June 17, 1965. This nuclear 
test had a yield of less than 20 kt and was conducted in order to evaluate the civil or 
military effects of a nuclear detonation on various targets, such as military hard- 
ware.4 In order to retrieve the targets of concern, drillback operations began on 
September 7, 1965 and were completed on September 18, 1965. The radiologically- 
contaminated material removed during drillback operations was deposited on the 
U15e muck pile in a random fashion. In addition to the radioactive waste generated 
by a nuclear explosion (which is assessed by the Haymaker and Sedan reports), the 
removal of contaminated rock during drillback operations created a new hazardous 
waste site. 

WASTE GENERATION AND DISPOSAL 

The waste present within the U15e muck pile was generated during the detona- 
tion of the less-than-20-kt Tiny Tot device on June 17,1965 at 10:OO a.m. The total 
curies present 1 minute after detonation was 6.0 x 1011 Ci. The dosage that is pres- 
ently emitted by the contaminated waste within the muck pile is estimated to be less 
than 0.3 mR/hr.37 In addition to the radioactive waste, heavy metals derived from the 
residues of the nuclear device may be present in small quantities. A small fraction of 
the contaminated material was removed during drillback operations and deposited on 
the U15e muck pile. The drillback operations were supported by the Radiological 
Health and Safety Group located on the Nevada Test Site.a@ The total quantity of 
waste within the U15e muck pile is not known. 

KNOWN RELEASES 

There is not any documented evidence of release of contaminated material from 
the U15e muck pile. The estimated dose rate of the contaminated portion of the 
muck pile is 0.3 mRlhr.3 
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FIGURE 2.2.10. U15E Muck Pile Site. 



POTENTIAL FOR DIRECT CONTACT OR FIREEXPLOSION HAZARD 

There has not been evidence of direct contact with the radionuclides within the 

muck pile. Contact did occur during drillback operations, however, the appropriate 

protection was provided to those personnel conducting the work.40 Once this material 

was deposited in the muck pile and covered with 10 ft of soil, direct contact with the 

radionuclides was minimized. The potential for fire and explosion at the U15e muck 
pile is very slight. Even at these concentrations there was no potential for fire and 

explosion. The transuranic wastes listed in Table 1.1 are predominately compatible, 

and in their concentrated state have ignitability and reactivity values up to 3 and 2, 

respectively. However, in their presently diffused state within the muck pile, these 

values are likely zero. The nearest buildings are at the EPA farm complex which is 

approximately 2 miles away.6 These facilities are now abandoned. There are not any 
permanent populations within 3 miles of the U15e muck pile, nor are there any sensi- 

tive environments present. The land use can be termed military/industrial. 

POTENTIAL FOR GROUND-WATER RELEASES 

Contamination of the ground water is assumed not to have occurred at the U15e 

muck pile as it is approximately 980 ft above the regional ground-water table.20 
There has been no documentable evidence of ground-water contamination in this 

area. There is a producing water well (UElSd) 1.7 miles away from the muck pile 

that is utilized for industrial purposes.6 The great depth to water, the very low aver- 
age annual precipitation for northern Yucca Flat (no more than 12 inlyr)~, the large 

annual lake evaporation rate (-60 inlyr)' and the lack of ground water utilization 

create a very small potential for ground-water contamination from the U15e muck 

pile. 

NUMBER OF WELLS WlTHN A FOUR-MILE RADIUS 

There are a large number of drill hole sites in Yucca Flat, however, none of 

these are utilized for drinking or industrial supply p u r p o ~ e s . ~ ~ ~  The closest supply 
well is in Area 2 at the EPA Farm Complex approximately 1.7 miles away5 and 

serves less than 200 people. 

POTENTIAL FOR SURFACE WATER RELEASES 

There has not been a documented release of radioactive or contaminated waste 

from the U15e muck pile to surface water. The containment of the contaminated 



rock within the muck pile should be adequate as there is 10 ft of soil cover above the 

waste. The lack of surface water utilization anywhere within a three-mile radius of 

the site, and the lack of a known endangered species within 2 miles downstream of 
the facility indicates a minimal potential hazard for surface water contamination. 

Ephemeral streams are located within one-fourth mile of the site. Erosion of cover 

material and subsequent release of radioactivity is possible if measures are not con- 

tinued to stabilize the cover material. 

POTENTIAL FOR AIR RELEASES 

There has not been a documented release of radionuclides or chemicals to the 

air from U15e muck pile. The depth of soil cover (10 ft)38 and the diffuse nature of 

the radionuclides should minimize the potential for air releases at the U15e muck 

pile. 

THREATS TO THE FOOD CHAIN AND ENVIRONMENT 

Prohibitions against sport hunting exist on the Nevada Test Site and access to 
the NTS is restricted to only authorized personnel.1 This, coupled with the fact that 

all radionuclides are essentially contained underground in the soils within U15e 
muck pile, demonstrates the unlikelihood of a threat to man's or another species' 

food chain from this site. 

The depth to burial represents a significant barrier to animals and plants to the 

radioactive rocks within the U15e muck pile. It is this cover that diminishes the 

potential hazard to the food chain for man or other organisms provided the cover 

remains intact and deep-rooted plants do not invade the site. 

CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for the U15e muck pile and is included in 

Appendix 2.2.A.5. Under the old scoring system,'the migratory score for the U15e 

muck pile is 3.53. 

Recommendations for future work include maintenance of cover material, 

mon,itoring of deep-rooted plants, development of adequate covers to limit infiltra- 

tion, prohibit root or burrowing animals entry, and insure long-term erosion stability. 



SITE SPECIFIC DESCRIF'TION 

Site Name - CP 2 & 6 hachfield, Yucca Flat, Area 6 

Location - The location of the decontamination facility is shown on Figures 
2.2.3 and 2.2.11. 

HISTORY 

CP2 & 6 are two abandoned leachfields located in the southern portion of Yucca 
Flat (Figure 2.2.11). These leachfields are associated with the decontamination fa- 
cilities in Area 6. CP 6 is a small leachfield that received shower effluent from 
workers exposed to surface contamination during the December 7, 1970 Baneberry 
event (Bud Forry, personal communication, February 26, 1988). CP 2 leachfield was 
the primary site for the disposal of liquid waste from the decontamination operations 
conducted from 1951 to 1971.31 The liquid waste contained radioactive isotopes, as 
well as chemical solvents and degreasers used in conjunction with the decontamina- 
tion process.31 During 1972 the site was abandoned and enclosed within a 50 ft by 50 
ft fence. 

WASTE GENERATION AND DISPOSAL 

The waste present within the CP 2 leachfield is generated by the decontamina- 
tion processes conducted there. Radiologically-contaminated clothing and equip- 
ment are routinely washed and decontaminated with various chemicals. Those 
chemicals used during decontamination are listed in Table 2.2.4.42 From 1951 to 
1971, the effluent from the decontamination facility was discharged into the CP 2 
leachfield. 

Results of a recent soil survey of this leachfield are contained within Table 
2.2.5. The concentrations and gamma readings from this leachfield indicate only 
trace amounts of contamination present within the soil. The total quantity of chemi- 
cal and radiological waste is unknown. 

KNOWN RELEASES 

There is not any documented evidence of release of contaminated material from 
,the CP 2 & 6 leachfields. Table 2.2.5 documents the radionuclides present, yet there 
is no evidence that documents the transport of chemical or radioactive material from 
the site. 



FIGURE 2.2.11. CP 2 & 6 Site. 



TABLE 2.2.4. DECON PAD and LAUNDRY CHEMICAL INVENTORY. 

Chemical Form Hazard Use Comment 

~lkal ine rust remover 
(sodium hydroxide) 

HASA Cherokee 152A 

Keecham 215 rust remover 

Nitric acid (70.8%) 

EJ 
EJ Sulfuric acid (30%) 
P 
h) 

Freon 
l.TrichloramonoEloromethane) 

Methanol 190 

Isopropyl alcohol 

Stoddard solvent 

Powder 

Liquid 

Liquid 

Liquid 

Liquid 

Liquid 

Liquid 

Liquid 

Highly caustic 

Highly caustic 

Acidic 

Acid 

Toxic fumes if 
heated 

Toxic, fire hazard 

F i e  hazard, 
moderately toxic 

Decon drilling pipe 

Laundry detergent 

Decon metal 

Decon metal 

Decon metal 

Decon of electronic 
equipment 

Decon of electronic 
equipment 

Decon of electronic 
equipment 

Liquid Moderately toxic, Degreaser 
moderate fire 

Mixed remotely. Protective . 
gloves and eye protection 
required. 

Protective gloves and eye 
protection required. 

Used in small quantities. 
Protective gloves and eye 
protection required. 

Very rarely used. Used only 
in small quantities. Protective 
gloves and eye protection 
tion required. 

Very rarely used. Used only 
in small quantities. Protective 
gloves and eye protection 
required. 

Freon is used at room 
temperature. 

Used infrequently. Ventilation 
required. 

May cause permanent physical 
damage if drunk or inhaled 
in sufficient quantities and 
concentrations. Used infre- 
quently. Ventilation required. 

Little hazard for normal use. 

LCG Powder Highly toxic Laundry detergent Protective gloves and eye pro- 
tection. Respiratory protection 
available. 



TABLE 2.2.5. CONTAMINANTS FOUND AT CP 2 & 6. 

Site Location 

Gamma 
Depth Reading Activity Percent 
(cm) (Wh)  Isotope (PCigm) Error (20) 

Area 6 N.W. bottom 106-122 17 K-40 6.520 14.2 
CP-2 Ra-226 0.510 18.9 
Leachfield Th-228 0.438 18.8 

Area 6 N.W. surface 0-15 13 K-40 10.000 12.8 
CP-2 (3-137 1.070 11.8 
Leachfield Ra-226 0.564 19.5 

Th-228 0.659 15.7 
Th-232 0.672 29.3 

Area 6 N.W. tailing 0-122 18 K-40 11.300 12.2 
(2-2 Ra-226 0.607 18.5 

N Leachfield Th-228 0.853 13.8 
h) . . 
P 
W Area 6 N.E. surface 0-15 17 

CP-2 
Leachfield 

Area 6 S.E. surface 0-15 16 
CP-2 
Leachfield 

Area 6 S.W. surface 0-15 16 
CP-2 

Leachfield 

Area 6 Center bottom 76-91 17 
CP-2 
Leachfield 



TABLE 2.2.5. (continued) . 

Site 

Gamma 
Depth Reading Activity Percent 

Location (cm) Isotope (pcilgm) Error (20) 

Area 6 Center surface 0-15 13 K-40 8.460 17.3 
CP-2 
Leachfield 

Area 6 Center tailing 0-91 
CP-2 
Leachfield 



P O T E m  FOR D m C T  CONTACT OR FIREEXPLOSION HAZARD 

There is no evidence of direct contact with the waste found within the CP 2 & 6 
leachfield. Accessibility is controlled by the radiological safety signs and fencing 

that surrounds the fa~il i t ies .~,~ '  The inaccessibility of the site is further enhanced by 
the security which allows only authorized individuals to approach each area.1 

Fire and explosion hazards do not exist at these sites. The wastes contained 
within the leachfield may be flammable in concentrated states, however, these wastes 
have been distributed throughout the soils of the leachfield and are realistically of no 

potential hazard within this area. Wastes that are incompatible, suchas cleaners and 
alkaline corrosive liquids, were present, but do not likely pose a further hazard.? 

The quantity of wastes discharged within the leachfield is not known. The dis- 

tance to the nearest population and building is less than one-half mile There are no 
sensitive environments within 3 miles of the leachfieldsl and the land use can be 

determined as military/industrial. The number of buildings within a two-mile radius 
of the leachfields is unknown, but is be1ie;ed to be approximately 100. A workforce 

population may exceed 1,000 people within a two-mile radius of the site during a 
test. 

POTENTIAL FOR GROUND-WATER RELEASES 

Contamination of the ground water is assumed not to have occurred as CP 2 & 6 
leachfields are approximately 1,600 ft above the water table,PE and the net precipita- 

tion of the area is -60 i r~ ly r .~ ,~  It is unlikely that sufficient volumes of water were 

discharged into the leachfields to have reached the water table. It is likely, however, 

that a large volume of soil has been contaminated. The leachfield is uncovered and 

no leachate collection system exists. The quantity of waste present at the site is 
unknown, however, recent surveys of the leachfields indicate low concentrations of 

radionuclides present, therefore, the total quantity of waste can be assumed to be 

small as well.3 The ground water use at the site can be termed military/industrial, 

with alternate sources available. 

NUMBER OF WELLS WITHIN A FOUR-MILE RADIUS 

There are a large number of drill hole sites in Yucca Flat, however, only two are 

utilized for supply purposes within 3 miles of CP2 & 6.  The wells are C and C1 and 

are located approximately 2.5 miles away from the leachfield. The total population 

served by these wells is less than 1,400. 



POTENTIAL FOR SURFACE WATER RELEASES 

There has not been a documented release of radioactive or contaminated waste 

from CP 2 & 6 leachfields to surface water. Even though the leachfield is located less 
than 1 mile away from Yucca Lake, which is a playa that may become flooded during 

the winter, there is no documented use of surface water on the test site, and no 

sensitive environments exist downstream from the leachfields. Surface water has the 
potential to flood the playa and enter the unsaturated zone through fissures in the 

playa. Evidence to support the occurrence of such an event does not exist. 

POTENTIAL FOR AIR RELEASES 

There has been no documented release of radionuclides or chemicals to the air 

from CP 2 & 6 leachfields. Ambient gamma monitoring has measured only 130 to 

135 mremlyr at the decontamination pad which is close to the l e a ~ h f i e l d . * ~ ~ ~ ~  This 

level of contamination is consistent with background levels found throughout the 

region.' 

THREATS TO THE FOOD CHAIN AND ENVIRONMENT 

Prohibitions against sport hunting exist on the Nevada Test Site and access to 
the NTS is restricted to only authorized personnel.1 This limits the danger to the 
human food chain. Species that might live in and around the leachfields have ready 

access to it and may be threatened by long-term exposures to the radionuclides and 

chemicals present. 

CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for CP 2 & 6 leachfields and is included in 
Appendix 2.2.A.6. Under the old scoring system, the migratory score for the CP 2 & 

6 leachfields is 5.66. Further data is needed on the extent of contamination. 



SITE SPECIFIC DESCRIPTION 

Site Name - BJY Rad Sump, Yucca Flat, Area 4 

Location - The location of the BJY Rad Sump is shown on Figure 2.2.12. 

HISTORY 

The BJY rad sump is located in the central portion of Yucca Flat (Figure 2.2.3). 

The BJY pad (north of the intersection of Rainier Mesa Road and Mercury Highway) 

was used during the 1960's and 1970's for washing field equipment and vehicles.37 

The wash-down water was discharged to a sump near the northeast corner of the pad 

via concrete channels around the perimeter of the pad.37 The equipment that was 

washed included drilling rigs and other vehicular equipment. The sump is a french 

drain in which there is no sealed bottom and the liquid simply percolates into the 

surrounding subsoil. The sump and soil could contain radioactive substances and 

non-radioactive wastes (e.g., solvents and degreasers).s' The sump is approximately 
24 in. in diameter and about 10 ft deep, and was determined to be dry during a field 
inspection conducted by the DOE Environmental Survey Team on February 7,1988. 

WASTE GENERATION AND DISPOSAL 

The waste present within the BJY Rad Sump was generated by the decontamina- 
tion processes conducted there. Field equipment was routinely washed and rinsed at 

the BJY pad with the effluent draining into the BJY sump.37 An unknown quantity of 

waste may be present within this site. The types of contaminants likely to be found 

are radionuclides and semivolatiles.37 Soil samples were taken in February 1988, but 
the results have yet to be received. 

KNOWN RELEASES 

There have been no known releases of contaminants from the rad sump to the 

surfack environment. Introduction of contaminated wastewater to the unsaturated 
zone has occurred owing to the design of the sump. Sampling at this site was initiated 

in February 1988 and the results will be returned in June 1988. 

P O T E m  FOR DIRECT CONTACT OR FIREIEXPLOSION HAZARD 

Documented contamination of plant and animals has not occurred as a result of 

wastewater disposed of in the BJY rad sump. Owing to the radiological safety and 



FIGURE 2.2.12. 'BJY Site. 

2.2.48 



security measures tak'en for the entire test site,l the controlled access to only author- 

ized personnel, and the soil cover of 10 ft,37 the BJY rad sump can be considered to 
be completely contained with respect to direct contact. During the February inspec- 

, tion, the rad sump appeared dry and all wastes that had been injected into the sump 

had migrated from the sump into the surrounding soils. During this migration, the 

waste diffused into the soil where a potential for fire or explosion is very unlikely. 

There does not exist any direct evidence for the potential for fire and explosion from 
this site. The hazardous waste quantity is unknown, but is assumed to be small. 

Gross gamma measurements taken at the BJY rad sump from January 16, 1985 to 
January 28, 1986 indicate a total dose of 105 mredyr.29 This level is lower than the 
background levels of 130 mredyr  found throughout the region.1 The distance to the 

nearest population is greater than 2 miles and the nearest buildings are an equal 
distance away.6 There are no sensitive environments within 3 miles of the site and 

the land use can be termed militarylindustrial. 

POTENTL4L FOR GROUND-WATER RELEASES 

Contamination of the ground water is assumed not to have occurred at the BJY 
rad sump for the following reasons: depth to the water table is a minimum of 1,600 

ft,28 net precipitation is 60 i n l ~ r , ~ ~ ~  the permeability of the unsaturated zone is ap- 

proximately 2.4 x l o 4  to 3.3 x lo9 cm/sec,2 and the waste at the BJY rad sump is 
thought to be diffuse. It is unlikely that sufficient fluids were introduced to reach the 
water table. 

NUMBER OF WELLS WRJXN A FOUR-MILE RADIUS 

There are no supply wells within a four-mile radius of the BJY rad sump that are 

currently being ~ t i l i z e d . ~ , ~  There are numerous drill holes that were constructed for 

the purpose of nuclear testing, however, none of these are utilized for drinking or 

industrial  purpose^.^^^ 

POTENTIAL. FOR SURFACE WATER RELEASES 

There has been no documented release of radioactive or chemical waste from 

the BJY rad sump to surface water. The closest intermittent stream to the sump is 

within 100 ft.38 However, there are not any surface waters that are utilized out of this 

stream for any purpose, nor are there any sensitive species located downstream from 

this site.1 From this evidence, there is only a small potential for surface water re- 

leases from this site. 



POTENTIAL FOR AIR RELEASES 

There has not been a documented release of radionuclides or chemicals to the 

air from the BJY rad sump.27e28 The waste that was put into the sump has infiltrated 

into the soil and is no longer directly in contact with the atmosphere. 

THREATS TO THE FOOD CHAIN AND ENVIRONMENT 

Prohibitions against sport hunting exist on the Nevada Test Site and access to 

the NTS is restricted to only authorized personnel.' This, coupled with the fact that 
all radionuclides are essentially contained underground in the soils surrounding the 

BJY rad sump (owing to the nature of the design of the sump), demonstrates the 
unlikelihood of a threat to man's or another species' food chain from this site other 

than uptake by deep-rooted plants. 

CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for the BJY rad sump and is included in 

Appendix 2.2.A.7. Under the old scoring system, the migratory score for the B N  rad 
sump is 2.35. 

It is recommended that the extent of contamination be investigated and measure 

taken to minimize the potential for uptake of contaminants by plants, as well as 

insuring that infiltration be minimized. 



SITE SPECIFIC D E S C m O N  

Site Name - U9y Drill Mud Disposal Site and Sunken Area. 

Location - The location of the U9y Drill Mud Disposal site is shown on Figure 

2.2.13. 

HISTORY 

The U9y Drill Mud Disposal Site and Sunken Area is located in the central 

portion of Yucca Flat (Figure 2.2.3). The U9y crater is a subsidence crater formed 
after the detonation of a low-yield nuclear device in July 1962. This test was con- 

ducted within a vertical shaft and resulted in radioactive contamination on the NTS.4 

This crater was subsequently used as a disposal site for radioactive drilling muds and 
decontamination wastewater during the 1960's and 1970's.37 It is now inactive.3 The 

waste contained at this site has not been quantified, however, it is suspected to con- 

tain radionuclides, possible semivolatiles, and toxic metals in unknown quantities.37 

The concentrations of these contaminants are suspected to be small. 

Immediately north of U9y crater is a roped-off 50 ff3 area adjacent to a large 

above-ground vertical tank. This tank is estimated to have a capacity of 50,000 

gallons. The roped-off area may have received liquids for disposal and as a result, 
the soil could be contaminated. The above-ground vertical tank could have con- 

tained liquids and, as a result, is to be considered as a possible past source of con- 

tamination. The actual history of this area is unknown, however, the tank is specu- 
lated as being used during the 1950's and early 1960's. Those who were contacted 

regarding the tank's history could not clearly recall how or why the tank was used, 

however, it was believed that the tank was used to store and deliver non-potable 
water. The tank is abandoned and is thought to be empty. 

WASTE GENERATION AND DISPOSAL 

The waste present within the U9y drill mud disposal site was generated by the 

post-shot drill mud and soils deposited there. These wastes are created during 
drillback operations conducted into and around the cavity created by a nuclear deto- 

nation. The drill mud, which is circulated within the drill column, can come into 

contact with and be contaminated by radionuclides generated and dispersed by a 

nuclear detonation. After use, the drill mud was disposed of by discharging it into 

U9y crater. In addition, decontamination fluids that were used to clean the drilling 



Roped-Off Sunken 
Area (8' x 6'  x Ya') 

FIGURE 2.2.13. U9y Crater Site. 



equipment were also disposed of within the crater.37 The types and quantity of wastes 
disposed of there are only suspected. It is assumed that small quantities of 

radionuclides will be found, as well as some toxic metals, such as chromium, and 

possibly some semivolatiles remaining from fluids utilized during decontamination 

proced~res .~ ,~ ' ,~ '  

Contaminants within the tank and sunken area could be hazardous and possibly 
low-level radioactive wastes. There is no evidence to suggest that this area is con- 
taminated except for the fact that it is roped-off. The soil has experienced some 
subsidence.37 Within this area there is a five-gallon bucket buried in the soil. The 

bucket was apparently used at one time as a sump for liquid discharges. There is also 
a 1 in. pipe leading from the above-ground tank to the sump, suggesting that tank 

liquid discharge to the sump. 

KNOWN RELEASES 

Contaminants may be seeping downward through the unsaturated zone towards 
the water table. However, the water table is 1,770 ft below the land surface at this 

point,26 which greatly decreases the potential for contamination of the ground water. 
Any volatile materials within the drill mud were likely dissipated soon after deposi- 

tion to the crater. This aspect decreases the potential of atmospheric contamination. 

POTENTIAL FOR DIRECT CONTACT OR FlREffiXPLOSION HAZARD 

Documented contamination of plant and animals has not occurred as a result of 

drill mud and wastewater disposed of in the U9y site. The radiological safety and 
security measures taken for the entire test site,' the controlled access to only author- 

ized personnel, and the posted radiological safety signs surrounding the crater should 

diminish the possibility of direct contact to humans. The site is accessible to animals, 

but no critical habitats are within 1 mile of the site.'. There does not exist any direct 

evidence for the potential for fire and explosion from this site. The hazardous waste 

quantity is unknown, but is assumed to be small. The distance to the nearest popula- 

tion is approximately 2.5 miles and the nearest buildings are an equal distance away 

at the Area 2 support camp.= There are no sensitive environments within 3 miles of 

the site and the land use can be termed militarylindustrial. 



POTENTIAL FOR GROUND-WATER RELEASES 

Contamination of the ground water is assumed not to have occurred at the U9y 

site as the depth to the water table is a minimum of 1,770 ft,*e and the net precipita- 

tion is -60 i n l~ r .~ . '  

NUMBER OF WELLS WITHlN A FOUR-MILE RADIUS 

There are no wells within a three-mile radius of the U9y drill mud disposal site. 

The closest well that is currently being utilized is supply well 2, which is 4 miles away 

in Area 25,9 and serves as an industrial supply to a maximum worker population of 
300. There are numerous drill holes within the area that were constructed for the 

purpose of nuclear testing, however, none of these are utilized for drinking or indus- 

trial p ~ r p o s e s . ~ ~ ~ ~  

POTENTIAL FOR SURFACE WATER RELEASES 

There has been no documented release of radioactive or chemical waste from 
the U9y site to surface water. The closest intermittent stream to the crater is within 

100 ft.39 There are not any surface waters that are utilized out of this stream for any 

purpose, nor are there any sensitive species located downstream from this site.' 

Since U9y is a crater, it can be considered a closed basin with respect to surface 
water. From this evidence, there is no potential for surface water releases from this 

site. 

POTENTIAL FOR AIR RELEASES 

There has been no documented release of radionuclides or chemicals to the air 
from the U9y. The nature of the waste within the crater makes it very unlikely that 

emissions of hazardous substances to the atmosphere will occur. 

THREATS TO THE FOOD CHAIN AND ENVIRONMENT 

Prohibitions against sport hunting exist on the Nevada Test Site and access to 

the NTS is restricted to only authorized personnel.1 This limits the danger to the 
human food chain. Species that might live in and around U9y crater have ready 

access to it and may be threatened by long-term exposures to the radionuclides and 

chemicals present. 



CONCLUSION AND'RECOMMENDATIONS 

A preliminary HRS was conducted for the U9y site included in Appendix 
2.2.A.8. Under the old scoring system, the migratory score for the U9y drill mud 

disposal site and sunken area is 1.17. 

Although the drilling muds have low permeability, the potential for further mi- 

gration should be evaluated. Because of the sunken nature of the site, it will be very 

difficult to design covers to limit both infiltration and plant and animal intrusion. 

Additional data is also needed on the waste quantity and type inventories. 



SITE SPECIFIC DESClUF'I'ION 

Site Name - U8d Waste Disposal Hole and Nuclear Test Site, Yucca Flat, Area 

8. 

Location - The location of the U8d waste disposal hole is shown on Figure 2.2.3. 

HISTORY 

The U8d disposal hole was initially drilled during the early half of 1971- as a 

post-shot hole for the Baneberry event. This event was conducted on December 18, 
1970 at 7:30 a.m. Approximately 3 minutes after detonation, a fissure opened 300 ft 
southwest of GZ and began to release radioactive gases. Emissions of the gases 

continued for approximately 1 hr and contaminated large areas of land in the north- 
ern area of Yucca Flat, forcing the evacuation of all workers in the forward areas.- 

Cleanup operations began in late December and were completed by mid-February.43 
Drillback operations commenced on January 7, 1971, and were completed on May 6, 

1971. All of the drill mud that was contaminated during these drillback operations 

was pumped into drill hole U8d.43 From 1971 to the present, liquid wastes from 

various sites have been disposed of into U8d. This drill hole drains into the 
Baneberry shot cavity. 

WASTE GENERATION AND DISPOSAL 

The waste present within the U8d drill hole consists of the following: decon- 

tamination fluids generated from experiments at the EPA farm complex which con- 

tain transuranics (Earl Sorom, personal communication, March 2, 1988), contami- 

nated drill mud from drillback operations at U8d and other detonation sites, and 

decontamination fluids generated from cleanup operations at the E-MAD Facilities 

in Area 25. The total quantity of wastes discharged into U8d is not documented. It is 

known that plutonium and other transuranics, cesium, tritium, solvents used during 

decontamination procedures, and possibly heavy metals from drillback operations 
are present within the hole (Earl Sorom, personal communication, March 2,1988). 

The total amount of curies created at 1 minute after detonation of the Baneberry 

device was 3.0 x 1011 Ci.4,'g This amount greatly exceeds any radioactivity that is 

introduced as waste material. 



KNOWN RELEASES' 

There has been no known release of contaminants from the U8d drill hole dis- 
posal site to the environment. However, introduction of contaminated fluids from 
the Baneberry test conducted at U8d to the unsaturated zone has most likely occurred 
since the detonation point was within the unsaturated zone.26'3g Air releases are 

documented as ~ e 1 1 . ~ ' ~ ~ ~  Additional liquid wastes discharged into the well are also 

introducing contaminants to the unsaturated zone. 

POTENTIAL FOR DIRECT CONTACT OR FIRE/EXPLOSION HAZARD 

Documented contamination of plant and animals has not occurred as a result of 

contaminated liquids disposed of in the U8d disposal hole. However, there was 

contamination to humans and wildlife as a result of the Baneberry Atmos- 

pheric ventings from this detonation were a one-time event, however, doses of over 

1,000 remsthr were measured within an hour of detonation. As a result of this opera- 
tion, 86 workers were decontaminated at CP-2 and 66 of these were sent to Mercury 

for thyroid activity measurements and 18 were sent to the Southwestern Radiological 
Health Laboratory whole body counter in Las Vegas." The maximum gamma expo- 

sure received was 1,045 mrem as measured by film badge. The maximum thyroid 
measurement was 3,730 mrem. Therefore, there was direct evidence of contact with 

contaminants associated with drill hole U8d, not from liquid wastes that have been 

discharged there, but from the Baneberry nuclear detonation. There is no direct 
evidence for the potential of fire and explosion from this site. The total quantity of 

waste at the present is unknown, however, at 1 minute after detonation there was 

about 3.0 x 1011 Ci present. The distance to the nearest worker population and build- 

ings (Area 2 support camp) is approximately 1 mile. There are no endangered spe- 

cies within a two-mile radius of the U8d disposal hole. It is estimated that less than 
.25 buildings and 285 people work at Area 2 support camp within a two-mile radius of 

the U8d disposal hole. 

POTENTIAL FOR GROUND-WATER RELEASES 

Contamination of the ground water is assumed not to have occurred owing the 

greater than 1,000 ft of unsaturated zone between the detonation point and the 

ground-water table. The physical nature of the waste at this site can be considered as 

liquid and unconsolidated. The hazardous waste quantity from the test and the con- 

taminated liquid discharge can be assumed to be greater than 3,000 ydsa. 



NUMBER OF WELLS wrrrm\r A FOUR-h4lLJ? RADIUS 

The closest ground-water well is approximately 1 mile away (water well #2) at 

the Area 2 support camp.5 This well is utilized for construction purposes only and the 
total maximum population served by this well is approximately 300. There are nu- 

merous drill holes within the area that were constructed for the purpose of nuclear 

testing, however, none of these are utilized for drinking or industrial  purpose^.^^.^ 

POTENTIAL FOR SURFACE WATER RELEASES 

There has been no documented release of radioactive or chemical waste from 

the U8d disposal hole and nuclear test site to surface water. The closest intermittent 

stream to the drill hole is within 300 ft.39 However, there are not any surface waters 
that are utilized out of this stream for any purpose. There are not any sensitive 

species located downstream from this site.1 From this evidence there is not a poten- 
tial for surface water releases from the U8d disposal hole and nuclear test site. 

POTENTIAL FOR ATR RELEASES 

There has been a documented release of radionuclides to the air from the U8d 

disposal hole and nuclear test site, The only target within a four-mile radius is the 
Area 2 support camp that contains a population of 285. There are not any sensitive 
environments within a two-mile radius of the U8d drill hole and the land use can be 

termed military/industrial. 

THREATS TO THE FOOD CHAW AND ENVIRONMENT 

Prohibitions against sport hunting exist on the Nevada Test Site and access to 

the NTS is restricted to only authorized personnel.1 This underscores the un- 

likelihood of a threat to man's or another species' food chain from this site. Con- 
'tamination of the environment occurred directly after detonation of the Baneberry 

event at the U8d drill hole.42.43.45 Therefore, threats to the food chain were present 

immediately following the blast, and the damage has already been completed. Addi- 

tional threats do not exist owing to the low activity and concentrations of the 

radionuclides present at the site. 

CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for the U8d disposal hole and nuclear test 

site and is included in Appendix 2.2.A.9. Under the old scoring system, the migra- 



tory score for U8d drill hole is 20.32. Air contamination from this site or from any 
other expended nuclear test site on the NTS is not expected to occur again. 



S E E  SPECIFIC DESClUFTION 

Site Name - Ud-6 Disposal Holes, Yucca Flat, Area 3 

Location - The location of the Ud-6 disposal holes are shown on Figure 2.2.14. 

HISTORY 

The Ud-6 disposal holes are located in central Yucca Flat on the perimeter of 
the subsidence crater created by the Haymaker event. The disposal holes, which are 

adjacent to one another, were initially drilled January 29, 1962 to a total depth of 50 

ft and both have a cased diameter of 48 in. (Bud Forry, personal communication, 

February 25, 1988). These drill holes were drilled for the purpose of underground 
disposal of classified waste from nuclear testing.3 Once the drill holes were aban- 

doned, two pours of concrete were poured into the casing and lids were welded on. 

Radiological safety signs were emplaced around the abandoned holes as a precau- 

tionary measure by the Radiological Health and Safety Group. 

WASTE GENERATION AND DISPOSAL 

The waste present within the Ud-6 disposal holes was generated by the disposal 
of contaminated waste generated during nuclear testing. The exact nature of the 

wastes is classified, however, it is expected that the longer-lived radionuclides and 
transuranics are present. These wastes were derived during drillback operations 

conducted during the early 1960's into the cavities of underground nuclear tests. The 

contaminated wastes were eventually put into one of the disposal holes. The quantity 
of waste within the Ud-6 drill holes is unknown. 

KNOWN RELEASES 

a There has been no known release of contaminants from the Ud-6 disposal holes 

to the surface environment. Introduction of contaminated wastewater to the unsatu- 

rated zone has occurred since the drill holes are cased for only the first 20 ft. 

POTENTIAL FOR DIRECT CONTACT OR FlREIEXPLOSION HAZARD 

Documented contamination of plants and animals has not occurred as a result of 

wastes disposed of in the Ud-6 disposal holes. Owing to the radiological safety and 

security measures taken for the entire test site,l the controlled access to only author- 

ized personnel, and the soil cover of 50 ft (Bud Forry, personal communication, 



FIGURE! 2.2.14. Ud-6 Site. 
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February 25, 1988), the Ud-6 disposal hole can be considered to be completely con- 

tained. There does not exist any direct evidence for the potential for fire and explo- 

sion from this site. The hazardous waste quantity is not greater than 35.6 m.3 The 
distance to the nearest worker population and buildings is approximately one-half 

mile at Area 3 base camp. The total number of buildings within a two-mile radius is 
approximately 54 and the total worker population within 2 miles is 425. There are 

not any sensitive environments within 3 miles of the sitel and the land use can be 

termed militarylindustrial. 

POTENTIAL, FOR GROUND-WATER RELEASES 

Contamination of the ground water is assumed not to have occurred at the Ud-6 

disposal holes as depth to the water table is a minimum of 1,600 ft,*e and the net 

precipitation is -60 in/yr.6*7 

NUMBER OF WELLS WITHIN A FOUR-MILE RADIUS 

There are no wells within a four-mile radius of the Ud-6 disposal holes that are 

currently being There are numerous drill holes that were constructed for 

the purpose of nuclear testing, however, none of these are utilized for drinking or 

industrial p ~ r p o s e s . ~ ~ . ~  

POTENTIAL, FOR SURFACE WATER RELEASES 

There has not been a documented release of radioactive or chemical waste from 

the Ud-6 disposal hole to the surface water. The closest intermittent stream to the 
disposal holes is within 4,000 ft.39 However, surface waters are not utilized out of 

this stream for any purpose, nor are there any federally endangered species located 

downstream from this site.? From this evidence there is no potential for surface 
water releases from this site. 

POTENTIAL FOR AIR RELEASES 

There has not been a documented release of radionuclides or chemicals to the 

air from the Ud-6 disposal holes. The waste that was put into the holes is mixed with 

soil and rocks into a diffuse state. The wastes are also beneath concrete and are no 
longer directly in contact with the atmosphere. 

THREATS TO 'PHE FOOD CHAIN AND ENVIRONMENT 

Prohibitions against sport hunting exist on the Nevada Test Site and access to 

the NTS is restricted to authorized personnel only.' This, coupled with the fact that 



all radionuclides are 'essentially contained underground in the soils and drill hole 
column surrounding the Ud-6 disposal hole, demonstrates the unlikelihood of a 

threat to man's or another species' food chain from this site. 

CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for the Ud-6 classified waste disposal hole 

and is included in Appendix 2.2.A.10. Under the old scoring system, the migratory 

score for the Ud-6 waste disposal hole is 2.36. 



SITE SPECIFIC DESCRll'TION 

Name of Site - Core Storage Yard, Yucca Flat, Area 3 

Location - The location of the core storage yard is shown on Figure 2.2.15. 

HISTORY 

The core storage yard is located in central Yucca Flat 1,300 ft east of the inter- 

section of Mercury Highway and Road R3-03 and was used for core separation and 
preparation for analyses. The cores generally came from drillback and post-shot 

drill holes and, therefore, were radioactive. The site was used until the early 1970's 

and has since been inactive.37 

WASTE GENERATION AND DISPOSAL 

The waste disposed of within the core storage yard is composed of post-shot 

drill cores that are contained within six vertical storage chambers which are about 18 
in. in diameter and approximately 10 ft deep.37 These cores were initially sampled 

from areas surrolnding the nuclear detonation cavities and are sometimes sampled 
from within the cavities themselves. Correspondingly, the cores are sometimes ra- 
dioactive. The water used in core preparation and analysis was discharged into a well 

located on the premise which is 4 in. in diameter and 12 in. deep. The well is posted 
as being radioactive.37 

KNOWN RELEASES 

There have been no known release of contaminants from the core storage yard 

to the environment, other than contaminated fluids introduced from the well to the 

unsaturated zone. Releases to the air are not expected owing to the nature of the 

.waste and the underground disposal method. Releases to surface waters are not 
expected for the same reason. 

POTENTIAL FOR DIRECT CONTACT OR FIRE/EXPLOSION HAZARD 

Documented contamination of plant and animals have not occurred as a result 

of wastes disposed of in the core storage yard. The accessibility to the site is small 

owing to the radiological safety and security measures taken for the entire test site' 

and the controlled access toonly authorized personnel. Containment with respect to 

direct contact is essentially complete. Radionuclides are expected to be present at 





the site, thus the toxicity index is maximized. Area 3 base camp is approximately 

3,500 ft away and has a work force population of 425 people. 

There does not exist any direct evidence for the potential for fire and explosion 

from this site. The waste characteristics of the contaminants found at this site are not 
known and are assumed to be a worst case scenario in order to be conservative. The 
quantity of waste at this site is also not known and is also assumed to be a worst case 

scenario. The distance to the nearest work force population is 3,500 ft away and the 
distance to the nearest building is an equal distance. Sensitive environments do not 

exist within Yucca Flat and the land use can be termed as military/industrial. 

The total population within a two-mile radius is approximately 425 and the 

number of buildings is 54. 

P O T E W  FOR GROUND-WATER RELEASES 

Contamination of the ground water is assumed to have not occurred at the core 

storage yard as the depth to the water table is a minimum of 1,600 ft.26 This factor 
and those outlined in the hydrogeology section of the introduction essentially mini- 

mize the risk to ground-water contamination. The toxicity/persistence and quantity 

of the waste at the core storage yard is unknown. 

NUMBER OF WELLS WITHIN A FOUR-MD;E RADIUS 

There are no wells present within a four-mile radius of the core storage yard 

that is currently being utilized. 5 8 9 .  There are numerous drill holes that were con- 
structed for the purpose of nuclear testing, however, none of these are utilized for 
drinking or industrial p u r p o s e ~ ~ ~ , ~  within the area. 

POTENTIAL FOR SURFACE WATER RELEASES 

There has been no documented release of radioactive or chemical waste from 

the core storage yard to the surface water. The closest intermittent stream to the 
complex is within 300 ft.39 However, there are no surface waters that are utilized out 

of this stream for any purpose, nor are there any federally endangered species lo- 

cated downstream from this site.' From this evidence there is only very limited po- 

tential for surface water releases from this site. 

POTENTIAL FOR AIR RELEASES 

There has been no documented release of radionuclides or chemicals to the air 

from the six storage holes or well. Owing to the underground nature of the disposal 



sites, the wastes confained within the core storage yard appear to be no longer a 
hazard to the atmosphere. 

THREATS TO THE FOOD CHAIN AND ENVIRONMENT 

Prohibitions against sport hunting exist on the Nevada Test Site and access to 

the NTS is restricted to only authorized personnel.1 This, coupled with the fact that 
all radionuclides are essentially contained underground in the soils and storage holes 

of the core storage yard, demonstrates the unlikelihood of a threat to man's or an- 

other species food chain from this site. 

CONCLUSION AND RECOMMENDATIONS 

An HRS was conducted for the core storage yard and is included in Appendix 
2.2.A.11. The old HRS system was used for this preliminary ranking as the new 

system is not available. Under the old scoring system, the migratory score for the 

core storage yard is 2.36. 

Recommendations for this site include sampling of all holes and wells present. 

Based upon an assessment of the volume and nature of contaminated soil, as well as 

the potential for further migration, a cleanup strategy can be selected. 



SITE SPECIFIC DESCRPTION 

Name of Site - Area 3 Subdock Complex, Yucca Flat 

Location - The location of the Subdock Complex is shown on Figure 2.2.16. 

HTSTORY 

The Subdock Complex is located in central Yucca Flat at the intersection of 

Mercury Highway and Road R3.03. The Subdock Complex was utilized as a drill bit 

retipping operation for 10 to 15 years until it was re-located to another site 1 to 2 
years ag0.37 Wastewater contaminated with solvents and metals were likely dis- 

charged into sumps and tanks at this site.37 Other liquids may have been discharged 
into the sumps after the drill bit retipping operating moved to another site. The 

sumps and underground tank remain even though the majority of the buildings and 

above-ground structures have been removed. 

WASTE! GENERATION AND DISPOSAL 

The waste disposed of within the Subdock Complex is suspected to consist of 

traces of liquid wastes derived during drill bit retipping operations. These wastes 

may contain volatiles, semivolatiles, oil and grease, metals, PCB's (if oil and grease 

are present), and low-level concentrations of radionuclides. Some of these sumps 

could be abandoned septic tanks. At least one septic tank is believed to be in the 
area.37 The quantity of the waste is unknown. 

There are eight possible contamination sites a t  the Subdock Complex. These 
are?' 1) an oil stained area of soil, approximately 100 ftzin area, near the northern- 

most concrete pad. This is possibly an area where crankcase/lubricating oil was 
discharged; 2) a 2 ft diameter, 2 ft deep dry sump with a plywood cover; 3) a 2.5 ft 
diameter, 30 to 40 ft deep sump at the southeast corner of the same pad. The sump is 

believed to be dry; 4) a 2 ft diameter, 5 ft deep sump approximately 150 ft southeast 

, of the above pad. This sump has a removable steel lid covering it and has standing 
liquid in it 5 ft down; 5) a 2 ft sump emplaced within a small cement pad. A perfo- 

rated steel lid covers the sump and the depth and contents are unknown; 6) a 2 ft 
diameter sump located in the northern part of a third cement pad just south of sump 

#5. This sump is covered by a removable grate and contains standing liquid about 2 
ft down; 7) a riser pipe (about 4 ft  tall and 6 to 9 in. in diameter) surrounded by four 

metal posts. This pipe is located south of sump #6 and north of Road R3-03. This 



FIGURE 2.2.16. Location of Sumps and Tanks at the Subdock Complex. 



riser pipe may be attziched to a septic tank. Liquid is present, however, the depth to 

liquid is unknown; and 8) a 4 ft tall pipe (which is 8 in. in diameter) is surrounded by 

four striped metal posts and is located approximately 130 ft south of R3-03 and 300 

ft east of Mercury Highway. The pipe contains standing water about 15 to 20 ftbelow 

the land surface and has a removable cap. Those sites that contain liquids (#4, 6 ,  7, 

and 8) are likely to be underground storage tanks as the arid climate of Yucca Flat is 

not likely to preserve perched water within the alluvium. 

KNOWN RELEASES 

There have been no known release of contaminants from the Subdock Complex 

to the environment, other than introducing contaminated fluids from the various 

sump holes to the unsaturated zone. Releases to the air are not expected owing to the 
nature of the sumps as a disposal system which dilutes contaminants into the soil 

column and releases to surface waters are not expected for the same reason. 

POTENTIAL FOR DIRECT CONTACT OR FTREtEXPLOSION HAZARD 

Documented contamination of plant and animals has not occurred as a result of 
wastes disposed of in the Subdock Complex. The human accessibility to the site is 
small owing to the radiological safety and security measures taken for the entire test 

sitel and the controlled access to only authorized personnel. Containment is almost 

essentially within the soil except for site #1 which is directly on the surface. Radionu- 
clides are expected to be present at the site, thus, the toxicity index is maximized. 

Area 3 base camp is approximately 1 mile away and has a work force population of 

425 people. 

There does not exist any direct evidence for the potential for fire and explosion 
from this site. The waste characteristics of the contaminants found at this site are not 

known and are assumed to be a worst case scenario in order to be conservative. The 

quantity of waste at this site is also not known and is also assumed to be a worst case 
scenario. The distance to the nearest work force population is 1 mile and the distance 

to the nearest building is an equal distance. Sensitive environments do not exist 
within Yucca Flat and the land use can be termed as military/industrial. 

The total population within a two-mile radius is approximately 425 and the 

number of buildings is 54. 



POTENTIALS FOR GROUND-WATER RELEASES 

Contamination of the ground water is assumed to have not occurred at the Sub- 
dock Complex. The depth to the water table is a minimum of 1,600 ft,2@ and the net 
precipitation is -60 inlyr. 6'7 These and previously stated estimates of the net precipi- 

tation and hydraulic conductivity minimize the risk to ground-water contamination. 

The toxicity/persistence and quantity of the waste at the Subdock Complex is un- 

known. 

NUMBER OF WELLS WITHIN A FOUR-MILE RADIUS 

There are no wells within a four-mile radius of the Subdock Complex that are 
currently being utilized. 5.9 There are numerous drill holes that were constructed for 

the purpose of nuclear testing, however, none of these are utilized for drinking or 

industrial purposesz3.9 within the area. 

POTENTIAL, FOR SURFACE WATER RELEASES 

There has been no documented release of radioactive or chemical waste from 
the core storage yard to the surface water. The closest intermittent stream to the 

complex is within 300 ft.39 However, there are no surface waters that are utilized out 
of this stream for any purpose, nor are there any federally endangered species lo- 

cated downstream from this site.1 From this evidence there is only slight potential for 

surface water releases to an intermittent stream during a flood event from this site. 

POTENTIAL FOR Ae: RELEASES 

There has been no documented release of radionuclides or chemicals to the air 

from the site. The waste that was put into the sumps of the Subdock is mixed with 

soil and rocks into a diffuse state. The majority of the wastes are also beneath at least 

'2 ft of concrete and are no longer directly in contact with the atmosphere. 

THREATS TO THE FOOD CHAIN AND ENVIRONMENT 

Prohibitions against sport hunting exist on the' Nevada Test Site and access to 

the NTS is restricted to only authorized personnel.' This, coupled with the fact that 

all radionuclides are essentially contained underground in the soils and in tanks of 

the Subdock Complex, demonstrates the low threat to man's or another species' food 

chain from this site. The possibility of uptake of contaminants by deep-rooted plants 

is low due to the surface cover. 



CONCLUSION AND'RECOMMENDATIONS 

An HRS was conducted for the Subdock Complex and is included in Appendix 

2.2.A.12. Under the old scoring system, the migratory score for the Subdock Com- 

plex is 2.36. Present recommendation for this site is the sampling of all liquids 
present to determine the quantity and type of waste present. Additional data is 

needed on the potential for plant uptake if wastes are present in significant quantities 

in the soil. 
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APPENDIX 2.2.A. 1 
HRS WORKSHEETS 
HAYMAKER SITE 



FIRF, AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 3 1 1 3 7.1 

2 
Waste Characteristics 7.2 

Direct Evidence 3 1 0 3 

Ignitability 0 1 2 3  1 0 3 

Reactivity 0 1 2 3  1 0 3 

Incompatibility ! 0 1 2 3  1 0 3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 8 20 

" 

Distance to Nearest 0 1 2 0  4 5 
Population 

Distance to Nearest 0 @ 2 3 
Building 

Distance to Sensitive @ 1 2 3 
Environment . 

Land Use 0 1 0 3  

Population Within 0 1 0 3  4 5 
2-Mile Radius 

: Buildings Within 0 1 0 3  4 5 
2-Mile Radius 

Total Targets Score 

4 
Multiply 1 x 2 x 3 

5 
Divide line 4 by 1,440 and multiply by 100 s,, = 5.56 



- 

DIRECT CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 8.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 
Accessibility 0 0 2  3 1 1 3 8.2 

3 
Containment 15 1 0 . 15 8.3 

Waste Characteristics 8.4 

Toxicity 0 1 2 0  5 15 15 

Targets 8.5 

Population Within 0 1 0 3  4 5 4 8 20 
a l-Mile Radius 

Distance to a 
Critical Habitat 

1 2  3 

Total Targets Score 8 32 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 

I 

Divide line 6 by 21,600 and multiply by 100 SD, = 0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 @ 1 45 45 3.1 

If observed release is given a score of 45, proceed to line 4 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Depth to Aquifer 

of Concern 0 1 2 3  

Net Precipitation 0 1 2 3  

Permeability of the 
Unsaturated Zone 0 1 2 3 1 3 

Physical State 0 1 2 3  1 3 

Total Route Characteristics Score 15 

Waste Characteristics 3.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 1 @ 3 3 6 9 
Distance to Nearest @ 4 6 8 10 1 0 40 

Well/Population 12 16 18 20 
Served 24 30 32 35 40 

Total Targets Score 6 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 7,020 57,330 

I 

Divide line 6 by 57,330 and multiply by 100 s,, = 12.24 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 
Facility Slope and 

Intervening Terrain o 8 2 3 

1-yr. 24-hr. Rainfall 0 1 2 3 

Distance to Nearest 
Surface Water 0 1 0 3  

physical'State 0 1 2 0  

Total Route Characteristics Score 9 15 

3 
Containment @ 1 2  3 1 0 3 4.3 

Waste Characteristics 4.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 

Distance to a Sensi- 
tive Environment @ 1 2 3 2 0 6 

Population Served/ @ 4 6 8 10 1 0 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

Divide line 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 , @  1 45 45 5.1 

Date and Location: During production testing. 

Sampling Protocol: 

If tine 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 5.2 

Reactivity and 
Incompatibility @ 1 2 3 

Toxicity 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 17 20 

Targets 5.3 

Population Within 0 9 1 2 0 1 8  1 15 30 
4-Mile Radius 21 24 27 30 

Distance to Sensi- @ 1 2 3 2 0 6 
tive Environment 

Land Use 0 1 0 3  1 2 3 

Total Targets Score 17 39 

4 
Multiply 1 x 2 x 3 13,005 35,100 

5 
Divide l i e  4 by 35,100 and multiply by 100 S, = 37.05 



HRS SCORE FOR 
HAYMAKER SITE 

Sgw = 12.24 

S,, = 0.0 

S, = 37.05 



APPENDIX 2.2.A.2 
HRS WORKSHEETS 

SEDAN SITE 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 

2 
Waste Characteristics 7.2 

Direct Evidence 3 1 0 3 

Ignitability 1 0 3 

Reactivity 1 0 3 

Incompatibility 1 0 3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 8 20 

Targets - 
Distance to Nearest @ 1 2 3 4 5 

Po~ulation 

Distance to Nearest @ 1 2 3 
Building 

Distance to Sensitive @ 1 2 3 
Environment 

Land Use 0 0 2  3 

Population Within @ 1 2 3 4 5 
2-Mile Radius 

Buildings Within a 1 2 3 4 5  
2-Mile Radius 

Total Targets Score 

4 
Multiply 1 x 2 x 3 

5 
-Divide line 4 by 1,440 and multiply by 100 s,, = 0.55 



DIRECT CONTACT WORK SHEET 

Rating Factor 
Assigned Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score (Section) 

1 
Observed Release 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 
Accessibility 

3 
Containment 

Waste Characteristics 

Toxicity 

Targets 

Population Within @ 1 2 3 4 5 
a 1-Mile Radius 

Distance to a 
Critical Habitat 

@ 1 2  3 

Total Targets Score 0 32 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 

7 
Divide line 6 by 21,600 and multiply by 100 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) piier Score Score (Section) 

1 
Observed Release 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Depth to Aquifer 

of Concern @ 1 2  3 

Net Precipitation @ 1 2 3 

Permeability of the 
Unsaturated Zone o 1 @ 3 

Physical State 0 0 2  3 

Total Route characteristics Score 3 15 

3 
Containment 

waste Characteristics 3.4 
ToxicitylPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 2 6  26 

Targets 3.5 

Ground Water Use 0 @ 2 3 3 3 9 

Distance to Nearest 0 4 6 @ 10 1 8 40 
WelYPopulation 12 16 18 20 
Served 24 30 32 35 40 

Total Targets Score 11 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 

7 
Divide line 6 by 57,330 and multiply by 100 Sg, = 4.49 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 4 5 4.1 

- -- - - - 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 4.2 
Facility Slope and 

Intervening Terrain 0 1 2 @ 1 3 3 

1-yr. 24-hr. Rainfall 0 0  2 3 I 1 3 

Distance to Nearest 
Surface Water 2 2 6 

Physical State 1 1 3 

Total Route Characteristics Score 7 15 

3 
Containment 0 1 2 0  1 3 3 4.3 

- - - 

waste Characteristics 4.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 
Distance to a Sensi- 

tive Environment 0 1 2 3 Q 
Population Servedl 4 6 8 10 1 0 40 

Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

7 
Divide line 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Rating Factor 
Assigned Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score (Section) 

1 
Observed Release 0 @ 1 45 45 5.1 

Date and Location: During production testing. 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 

Reactivity and 
Incompatibility @ 1 2 3 

A 

Toxicity 0 1 2 ( 9  

Hazardous Waste 
Quantity 

Total Waste Characteristics Score 17 20 

Targets 

Population Within 0 9 0 1 5  18 
4-Mile Radius 21 24 27 30 

Distance to Sensi- @ 1 2 3 
tive Environment 

Land Use , 0 0 2  3 

Total Targets Score 13 39 

4 
Multiply 1 x 2 x 3 

5 
Divide tine 4 by 35,100 and multiply by 100 sa = 28.3 



HRS SCORE FOR 
SEDAN SITE 

Sgw = 4.49 

Ssw = 0.0 

Sa = 28.3 



APPENDIX 2.2.A.3 
HRS WORKSHEETS 

PROJECT 56 (AREA 11) 



FIRF: AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

I 
Containment 

2 
Waste Characteristics 7.2 

Direct Evidence 3 1 0 3 

Ignitability 1 0  3 

Reactivity 1 0  3 

Incompatibility 1 0  3 

Hazardous Waste 
Quantity 0 0 2 3 4 5 6 7 8  1 1 8 

Total Waste Characteristics Score 1 20 

Tareets 7.3  - 
Distance to Nearest 0 0 2  3  4  5  1 1 5  

Population - 
Distance to Nearest @ 1 2  3 

Building 

Distance to Sensitive @ 1 2  3 
Environment 

  and Use 

Population Within O w 2  3 4  5 
2-Mile Radius 

Buildings Within 0 0 2  3 4  5 
2-Mile Radius 

Total Targets Score 

4 
Multiply 1 x 2  x 3 

5  
Divide line 4  by 1,440 and multiply by 100 s,, = 0.28 



D I m C T  CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 1 45 45 8.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Accessibility 0 1 2 3  1 3 8.2 

waste Characteristics 8.4 

Toxicity 0 1 2 0  5 15 15 

- 
Population Within 

a 1-Mite Radius 
0 0 2  3 4 s 

Distance to a 
Critical Habitat 

a 1 2  3 

Total Targets Score 8 32 

1f line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 2,700 21,600 

7 
Divide line 6 by 21,600 and multiply by 100 SD, = 12.50 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release (a 4 5 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Depth to Aquifer 

of Concern @ 1 2  3 - 
Net Precipitation u 1 2  3 

Permeability of the 
Unsaturated Zone 0 1 @ 3 

Physical State 0 0 2  3 

Total Route Characteristics Score 3 15 

3 
Containment 0 1 2 a  1 3 3 3.3 

waste Characteristics 3.4 
ToxicityfPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 @ 2 3 3 3 9 
. Distance to Nearest @ 4 6 8 10 1 0 40 

WelYPopulation 12 16 18 20 
Served 24 30 32 35 40 

Total Targets Score 3 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 

7 
Divide line 6 by 57,330 and multiply by 100 S,, = 1.22 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

' ~ o u t e  Characteristics 4.2 
Facility Slope and 

Intervening Terrain o 8 2 3 1 1 3 

1-yr. 24-hr. Rainfall 0 1 2 3 1 1 3 

Distance to Nearest 
Surface Water 0 1 2 0  2 6 6 

Physical State 0 0 2  3 1 1 3 

Total Route Characteristics Score 9 15 

3 
Containment 0 1 2 0  1 3 3 4,3 

Waste Characteristics 4.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 m  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 - 
Distance to a Sensi- 

tive Environment 0 1 2 3 2 0 6 

~ o p u ~ a t i o n  Served/ 8 0 4 6 8 1 0  1 o 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

7 
Divide line 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 1 45 45 5.1 

Date and Location: During production testing. 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5 

If line 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 

Reactivity and 
Incompatibility @ 1 2 3 

Toxicity 0 1 2 0  

Hazardous Waste 
Quantity 

Total Waste Characteristics Score 10 20 

Targets 

Population Within 0 9 0 1 5  18 
4-Mile Radius 21 24 27 30 

Distance to Sensi- @ 1 2 3 
tive Environment 

Land Use 0 0 2  3 1 1 3 

Total Targets Score 13 39 

4 
Multiply 1 x 2 x 3 

5 
Divide line 4 by 35,100 and multiply by 100 sa = 16.6 



HRS SCORE FOR 
PROJECT 56 (AREA 11) 

Sgw = 1.22 

Ssw =o:o 

Sa = 16.6 



APPENDIX 2.2.A.4 
HRS WORKSHEETS 

EPA FARM COMPLEX 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier . Score Score (Section) 

1 
Containment 

L 
Waste Characteristics 7.2 

Direct Evidence 3  1 0 3  

Ignitability 1 0 3  

Reactivity 1 0 3  

Incompatibility 1 0 3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 8 20 

Targets 

Distance to Nearest @ 1 2  3  4  5  1 0  5 
Population 

Distance to Nearest 0 1 2 0  1 3 3 
Building 

Distance to Sensitive @ 1 2 3  1 0  3  
Environment 

Land Use 0 1 2 0  1 3 3  

Population Within @ 1 2  3 4  5 1 0 5  
2-Mile Radius 

Buildings Within 0 0 2  3  4 5 
2-Mile Radius 

Total Targets Score 7 24 

4  
Multiply 1 x 2 x 3  

J ~ i v i d e  line 4  by 1,440 and multiply by 100 s,, = 3.89 



-- 

DIRECT CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 8.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 
Accessibility 0 0 2  3 1 1 3 8.2 

3 
Containment 

waste Characteristics 

Toxicity 0 1 2 0  

Targets 

Population Within @ 1 2 3 4 5 
a 1-Mile Radius 

Distance to a 
Critical Habitat 

a 1 2  3 

Total Targets Score 0 32 

6 ~ f  1ine.l is 45,  multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 21,600 

I 
Divide line 6 by 21,600 and multiply by 100 SDC = 0 

2.2.100 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Chhracteristics 3.2 
Depth to Aquifer 

I of Concern @ 1  2 3 2 0 6 

Net Precipitation @ 1 ' 2 3 1 0 3 

Permeability of the 
Unsaturated Zone 0 1 @ 3 1 2 3 

Physical State 0 1 2 0  1 3 3 

Total Route Characteristics Score 5 15 

3 
Containment 0 ' 1  2 0  1 3 3 3.3 

Waste Characteristics 3.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 Q  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 0  2 3 3 3 9 

. Distance to Nearest 1 20 40 
WeWPopulation 
Served 

Total Targets Score 23 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 8,970 57,330 

Divide line 6 by 57,330 and multiply by 100 s,, = 15.64 



- - - 

SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 
Facility Slope and 

Intervening Terrain 0 1 @ 3 - 
1-yr. 24-hr. Rainfall o @ 2 3 

Distance to Nearest 
Surface Water 0 1 0 3  

Physical State 0 1 2 0  

Total Route Characteristics Score 1 0 .  15 

3 
Containment @ 1 2  3 1 0 3 4.3 

Waste Characteristics - 4.4 
ToxicityIPersistence 0 3 6 9 1 2 1 5 u  1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 

Distance to a Sensi- 
tive Environment @ 1 2 3 

Population Served1 @ 4 6 8 10 1 0 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

I 
Divide line 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Assigned value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  45 5.1 

Date and Location: During production testing. 

Samoline Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2, 

L 
Waste Characteristics 

Reactivity and 
Incompatibility 0 1 2 3  

Toxicity 0 1 2 3  3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 8  1 

Total Waste Characteristics Score 20 

Targets 

Population Within 0 9 12 15 18 1 
4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  2 6 
tive Environment 

Land Use 0 1 2 3  1 3 

Total Targets Score 39 

Multiply 1 x 2 x 3 35,100 

5 
Divide line 4 by 35,100 and multiply by 100 Sa = o  

2.2.103 



HRS SCORE FOR 
EPA FARM COMPLEX 



APPENDIX 2.2.A.5 
HRS WORKSHEETS 
U15E MUCK PILE 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 3 1 1 3 7.1 

2 
Waste Characteristics - 7 .2  

Direct Evidence 3 1 0 3 

Ignitability 1 0 3 

Reactivity 1 0 3 

Incompatibility 1 0 3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 8 20 

Targets 7.3 

Distance to Nearest @ 1 2 3 4 5 1 0 5 
Population 

Distance to Nearest 0 1 2 @ 1 3 3 
Building 

Distance to Sensitive @ 1 2 3 1 0 3 
Environment 

Land Use 0 1 2 0  1 3 3 

Population Within @ 1 2 3 4 5 1 0 5 
2-Mile Radius 

Buildings Within 0 0 2  3 4 5 1 1 5 
2-Mile Radius 

Total Targets Score 7 24 

5 
Divide line 4 by 1,440 and multiply by 100 s,, = 3.90 



DIRECT CONTACT WORK SHEET 

Rating Factor 
Assigned Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score (Section) 

1 
Observed Release 45 1 0 45 8.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 
Accessibility 

3 
Containment 

waste Characteristics 

Toxicity 0 1 2 0  

Targets - 
Population Within @ 1 2 3 4 5 

a 1-Mile Radius 

Distance to a 
Critical Habitat 

@ 1 2  3 

Total Targets Score 0 32 

6 ~ f  line i is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 21,600 

7 
Divide line 6 by 21,600 and multiply by 100 SDC = 0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release rn 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Depth to Aquifer 

of Concern Q 1 2  3 

Net Precipitation 1 2  3 

Permeability of the 
Unsaturated Zone 0 1 @ 3 

Physical State 0 0 2  3 

Total Route Characteristics Score 3 15 

3 
Containment 0 1 2 0  1 3 3 3.3 

Waste Characteristics 3.4 

ToxicitytPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 @ 2 3 3 3 9 

, Distance to Nearest 4 6 8 1 0  1 12 40 
WelWPopulation 
Served 30 32 35 40 

Total Targets Score 15 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 3,510 57,330 

7 
Divide line 6 by 57,330 and multiply by 100 s,, = 6.12 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 4.2 
Facility Slope and 

Intervening Terrain 0 1 2 @ 1 3 3 

1-yr. 24-hr. Rainfall 0 0 2 3 1 1 3 

Distance to Nearest 
Surface Water 0 1 0 3  2 4 6 

Physical State 0 0 2  3 1 1 3 

9 15 Total Route Characteristics Score 

3 
Containment 0 0 2  3 1 1 3 4.3 

Waste Characteristics 4.4 
ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 - 
Distance to a Sensi- 

tive Environment 0 1 2 3 2 0 6 

Population Servedl 8 0 4 6 8 1 0  1 0 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

I 
Divide line 6 by 64,350 and multiply by 100 Ssw = 0 



-- 

AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score ' Score (Section) 

1 
Observed Release 45 1 0  45 5.1 

~ a ' t e  and Location: During production testing. 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 5.2 

Reactivity and 
Incompatibility 0 1 2 3  1 3 

Toxicity 0 1 2 3  3 9 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 8  1 8 

Total Waste Characteristics Score 20 

Targets 5.3 

Population Within 0 9 12 15 18 1 30 
4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  
tive Environment 

' Land Use 0 1 2 3  

Total Targets Score 39 

4 
Multiply 1 x 2 x 3 35,100 

5 
Divide line 4 by 35,100 and mdtiply by 100 Sa = o  



HRS SCORE FOR 
U15E MUCK PILE 



APPENDIX 2.2 .A.6 
HRS WORKSHEETS 

C P 2 & 6  



FIRE AND EXPLOSION WORK SHEET 

Rating Factor 
Assigned Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score (Section) 

1 
Containment 

2  
Waste Characteristics 

Direct Evidence 3  

Ignitability 0 1 2 3  

Reactivity 0 1 2 3  

Incompatibility ! 0 1 2 3  

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 8 20 

Targets 

Distance to Nearest 0  1 0  3 4  5  1  2  5 
Population 

Distance to Nearest @ 1  2  3 
Building - 

Distance to Sensitive @ 1  2  3  
Environment 

Land Use 0 0 2  3  

.Population Within 0  1  2 0 4  5  
2-Mile Radius 

Buildings Within 
2-Mile Radius 

0  1 0 3  4 5  

Total Targers Score 

4 
Multiply 1 x 2  x 3 

3 
Divide line 4  by 1,440 and multiply by 100 SF, = 4.4 



DIRECT CONTACT WORK SHEET 

Rating Factor 
Assigned Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score (Section) 

1 
Observed Release 45 1 0 45 8.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

- 

2 
Accessibility 

3 
Containment 

Waste Characteristics 

Toxicity 0 1 2 0  

Targets 

Population Within 
a 1-Mile Radius 

0 1 0 3  4 5 

Distance to a 
Critical Habitat 

@ 1 2  3 

Total Targets Score 8 32 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 21,600 

7 
Divide line 6 by 21,600 and multiply by 100 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release fa 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 3.2 
Depth to Aquifer 

of Concern @ 1 2  3 2 0 6 

Net Precipitation @ 1 2 3 1 0 3 

Permeability of the 
Unsaturated Zone 0 0 2 3 1 1 3 

Physical State 0 1 2 0  1 3 3 

Total Route Characteristics Score 4 15 

3 
Containment 0 1 2('3 1 3 3 3.3 

Waste Characteristics 3.4 
ToxicityfPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 Q  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 1 0 3  3 6 9 

Distance to Nearest 4 6 8 1 0  1 12 40 
WelVPopulation 12 16 18 20 
Served 

6 
24 30 32 35 40 

Total Targets Score 18 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 5,616 57,330 

.I 
Divide line 6 by 57,330 and multiply by 100 s,, = 9.8 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 
Facility Slope and 

Intervening Terrain Q1 2 3 

1-yr. 24-hr. Rainfall 0 (f) 2 3 

Distance to Nearest 
Surface Water 0 1 2 0  

Physical State 0 1 2 0  

Total Route Characteristics Score 12 15 

3 
Containment 0 0 2  3 1 1 3 4.3. 

Waste Characteristics 4.4 
'ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 

Distance to a Sensi- 
tive Environment 0 1 2 3 Q 

Population Servedl 4 6 8 10 1 0 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

7 
Divide line 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release @ 45 1 0  45 5.1 

Date and Location: During production testing. 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

4 
Waste Characteristics 

Reactivity and 
Incompatibility 0 1 2 3  

Toxicity 0 1 2 3  3 

Hazardous Waste 
Quantity 

Total Waste Characteristics Score 20 

Targets 

Population Within 0 9 12 15 18 
4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  
tive Environment 

Land Use 0 ' 1  2 3 

Total Targets Score 

5 
Divide line 4 by 35,100 and multiply by 100 Sa = o  



HRS SCORE FOR 
C P 2 & 6  

Sgw = 9.8 

Ssw = 0.0 

Sa = 0.0 



APPENDIX 2.2.A.7 
HRS WORKSHEETS 

BJY SUMP 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) . plier Score Score (Section) 

1 
Containment 

2 
Waste Characteristics 7.2 

Direct Evidence 3 1 0 3 

Ignitability 1 0 3 

Reactivity 1 0 3 

Incompatibility 1 0 3 

Hazardous Waste. 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 8 20 

Targets 7.3 

Distance to Nearest @ 1 2 3 4 5 1 0 5 
Population 

Distance to Nearest @ 1 2 3 1 0 3 
Building 

Distance to Sensitive @ 1 2 3 
Environment 

Land Use 

Population Within @ 1 2 3 4 5 
2-Mile Radius 

Buildings Within 
2-Mile Radius 

@ 1 2 3 4 5  

Total Targets Score 1 2 4  

4 
Multiply 1 x 2 x 3 8 1,440 

5 
Divide line 4 by 1,440 and multiply by 100 s,, = 0.56 



DIRECT CONTACT W O W  SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

I 
Observed Release 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 
Accessibility @ 1  2 3 1 0 3 8.2 

3 
Containment 

Waste Characteristics 

Toxicity 0 1 2 0  

Targets - 
Population Within @ 1 2 3 4 5 

a I-Mile Radius 

Distance to a 
Critical Habitat 

@ 1  2 3 

Total Targets Score 0 32 

'1f line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 21,600 

1 
Divide line 6 by 21,600 and multiply by 100 s~~ = 0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle dne) plier Score Score (Section) 

1 
Observed Release fa 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route characteristics 
Depth to Aquifer 

of Concern @ 1 2  3 

Net precipitation @ 1 2 3 

Permeability of the 
Unsaturated Zone 0 1 @ 3 

Physical State 0 1 2 0  

Total Route Characteristics Score 5 15 

3 
Containment 0 1 2 n  1 3 3 3.3 

Waste Characteristics 3.4 
ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 
Ground Water Use 0 1 0 3  3 6 9 

. Distance to Nearest @ 4 6 8 10 1 0 40 
Well/Population 12 16 18 20 
Served 24 30 32.  35 40 

Total Targets Score 6 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 2,340 57,330 

7 
Divide line 6 by 57,330 and multiply by 100 s,, = 4.08 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to l i e  2. 

L 
Route Characteristics 

Facility Slope and 
Intervening Terrain @ 1 2 3 

1-yr. 24-hr. Rainfall 0 0  2 3 

Distance to Nearest 
Surface Water 0 1 2 0  

Physical State 0 1 2 0  

Total Route Characteristics Score 10 15 

3 
Containment @ 1 2  3 1 0 3 4.3 

Waste Characteristics 4.4 

ToxicitylPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 

Distance to a Sensi- 
tive Environment @ 1 2 3 2 0 6 

Population Servedl @ 4 6 8 10 1 0 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

-, 
Divide line 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Rating Factor 
Assigned Value 

(circle one). 
Multi- Max. Ref. 
plier Score Score (Section) 

1 
Observed Release 45 1 '0 45 5.1 

Date and Location: During production testing. 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 

Reactivity and 
Incompatibility 0 1 2 3  

Toxicity 0 1 2 3  3 

Hazardous Waste 
Quantity 

Total Waste Characteristics Score 20 

Targets 

Population Within 0 9 12 15 18 
4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  
tive Environment 

Land Use 0 1 2 3  

Total Targets Score 39 

5 
Divide line 4 by 35.100 and multiply by 100 S, = o  



HRS SCORE FOR 
BJY SUMP 

Sgw = 4.08 

Ssw = 0.0 

Sa = 0.0 



APPENDIX 2.2.A.8 
HRS WORKSHEETS 

U9Y MUD DISPOSAL HOLE 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 3 1 1 3 7 .1  

2 
Waste Characteristics 7.2  

Direct Evidence 3  1 0  3 

Ignitability 0 1 2 3  1  0  3  

Reactivity 0 1 2 3  1  0  3  

Incompatibility W 0 1 2 3  1 0  3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 8 20 

- 
Distance to Nearest @ 1  2  3  4  5  

Population 

Distance to Nearest @ 1 2 3 
Building 

Distance to Sensitive @ 1  2  3  
Environment 

Land Use 0 0 2  3  

Population Within @ 1  2 3  4  5 
2-Mile Radius 

Buildings Within 
2-Mile Radius 

Q 1 2 3 4 5  

Total Targets Score 

4  
Multiply 1 x 2  x 3  

5  
Divide line 4  by 1,440 and multiply, by 100 s,, = 0.56 



DIRECT CONTACTWORK SHEET 

Rating Factor 
Assigned Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score (Section) 

1 
Observed Release 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 
Accessibility 

3 
Containment 

Waste Characteristics 

Toxicity 0 1 2 0  

Targets 

Population Within @ 1 2 3 4 5 
a 1-Mile Radius 

Distance to a 
Critical Habitat 

@ 1 2  3 

Total Targets Score 0 32 

6 ~ f  tine 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 

Divide line 6 by 21,600 and multiply by 100 SD, = 0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 3.2 
Depth to Aquifer 

of Concern @ 1 2  3 2 0 6 

Net Precipitation @ 1 2 3 1 0 3 

Permeability of the 
Unsaturated Zone 0 1 @ 3 1 2 3 

Physical State 0 1 2 0  1 3 3 

Total Route Characteristics Score 5 15 

3 
Containment 0 1 2 m  1 3 3 3.3 

waste Characteristics 3.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 @ 2 3 3 3 9 

Distance to Nearest @ 4  6 8 10 1 0 40 
WeWPopulation 12 16 18 20 
Served 24 30 32 35 40 

Total Tareets Score 3 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 1,170 57,330 

I 

Divide line 6 by 57,330 and multiply by 100 s,, = 2.04 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

L 
Route Characteristics 

Facility Slope and 
Intervening Terrain 

1-yr. 24-hr. Rainfall OW 2 3 

Distance to Nearest 
Surface Water o 1 2Q 

Physical State 0 1 2@ 

Total Route Characteristics Score 10 15 

3 
Containment 0 0 2  3 1 1 3 4.3 

Waste Characteristics 4.4 
ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 

Distance to a Sensi- 
tive Environment 0 1 2 3 2 0 6 

Population Servedl 8 0 4 6 8 1 0  1 0 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

1 
Divide line 6 by 64.350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  45 5.1 

Date and Location: During production testing. 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 

Reactivity and 
Incompatibility 0 1 2 3  

Toxicity 0 1 2 3  3 9 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 8  1 8 

Total Waste Characteristics Score 20 

Targets 

Population Within 0 9 12 15 18 1 
4-Mile Radius 2 1  24 27 30 

Distance to Sensi- . 0 1 2 3 2 
tive Environment 

Land Use 0 1 2 3  1 

Total Targets Score 39 

4 ,  
Multiply 1 x 2 x 3 35,100 

5 
Divide line 4 by 35,100 and multiply by 100 Sa = 0 



HRS SCORE FOR 
UPY MUD DISPOSAL HOLE 

Sgw = 2.04 

Ssw = 0.0 

Sa = 0.0 



-APPENDIX 2.2.A.9 
HRS WORKSHEETS 

U8D DISPOSAL HOLE 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 

2 
Waste Characteristics 7.2 

Direct Evidence 3 1 0 3 

Ignitability 0 1 2 3  1 0 3 

Reactivity 0 1 2 3  1 0 3 

Incompatibility !I 0 1 2 3  1 0 3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 8 20 

Targets - 

Distance to Nearest 0 0  2 3 4 5 
Population 

Distance to Nearest 
Building 

a1 2 3 
- 

Distance to Sensitive @ 1 2 3 
Environment 

Land Use 

Population Within 
2-Mile Radius 

OY@i 4 5 

Buildings Within 
2-Mile Radius' 

0 0 2  3 4 5 

Total Targets Score 

4 
Multiply 1 x 2 x 3 40 1,440 

5 
Divide line 4 by 1,440 and multiply by 100 s,, = 2.7 

2.2.134 



DIRECT CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 8.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 
Accessibility 0 0 2  3 1 1 3 8.2 

3 
Containment @ 15 1 0 15 8.3 

Waste Characteristics 8.4 

Toxicity 0 1 2 0  5 15 15 

- 
Population Within 0 1 0 3  4 5 4 8 20 

a 1-Mile Radius 

Distance to a @ 1 2  3 4 0 12 
Critical Habitat 

Total Targets Score 8 32 

6 ~ f  line I is 45, multiply 1 x 4 x 5 

If line 1 is 0,  multiply 2 x 3 x 4 x 5 

Divide line 6 by 21,600 and multiply by 100 S n r  = 0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release (3 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 3.2 
Depth to Aquifer 

of Concern 0 1 2 3  2 0 6 

Net Precipitation 8 0 1 2 3  1 0 3 

Permeability of the 
Unsaturated Zone 0 1 0  3 1 2 3 

Physical State 0 1 2 0  1 3 3 

Total Route Characteristics Score 5 15 

3 
Containment 0 1 2 0  1 3 3 3.3 

Waste Characteristics , 3.4 
ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 0 2 3 3 3 9 

. Distance to Nearest 1 16 40 
WeWPopulation 
Served 

Total Targets Score 19 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 

7 
Divide line 6 by 57,330 and multiply by 100 Sgw = 12.93 



SURFACE WATER ROUTE WORK SHEET 

~ s s & n e d  Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1  
Observed Release @ 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4 

If observed release is given a score of 0, proceed to l ine2.  

2 ~ o u t e  Characteristics 
Facility Slope and 

Intervening T e a  0 8 2 3 

1-yr. 24-hr. Rainfall 0 1  2 3 

Distance to Nearest 
Surface Water 0 1 2 0  2 6 6 

Physical State 0 1 2 0  1 3 3 

Total Route Characteristics Score 11 15 

3 
Containment @ I  2 3 1 O 3 4.3 

Waste Characteristics 4.4 
ToxicityIPersistence 0 3 6 9 1 2 1 5 Q  1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8  8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 
- 

3 0 9 
Distance to a Sensi- 

tive Environment @ 1 2 3 

Population Served1 4 6 8  10 1 0 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

1 
Divide line 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 1 45 45 5 .1  

Date and Location: During production testing. 

Samoline Protocol: 

If line 1 is 0, the Sa = 0.  Enter on line 5.  

If line 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 

Reactivity and 
Incompatibility @ 1 2 3 

Toxicity 0 1 2 0  
- 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 17 20 

Population Within 0 9 1 2 0 1 8  
4-Mile Radius 21 24 .27 30 

Distance to Sensi- @ 1 2 3 2 0 6 
dve Environment 

Land Use @ 1 2  3 1 0 3 

Total Targets Score 15 39 

4 
Multiply 1 x 2 x 3 11,475 35,100 

5 
Divide line 4 by 35,100 and multiply by 100 sa = 32.69 



HRS SCORE. FOR 
U8D DISPOSAL HOLE 



APPENDIX 2.2.A. 10 
HRS WORKSHEETS 

UD6 DISPOSAL HOLE 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 3 1 1 3 7.1 

' 
Waste Characteristics - 

Direct Evidence 3  

Ignitability 

Reactivity 

Incompatibility 

Hazardous Waste 
Quantity 0 1 0 3 4 5 6 7 8  1 2 .  8 

Total Waste Characteristics Score '2 20 

Targets 

Distance to Nearest 0 1 2 0  4 5  
Population 

Distance to Nearest 0  @ 2 3  
Building 

Distance to Sensitive @ 1 2 3  
Environment 

Land Use 

Population Within 0  1 0 3  4  5  
2-Mile Radius 

Buildings Within 0  1 0 3  4  5  
2-Mile Radius 

Total Targets Score 

4 
Multiply 1 x 2 x 3  20 1,440 

5  
Divide line 4  by 1,440 and multiply by 100 SEE = 1.38 



DIRl3CT CONTACT WORK SHEET 

Rating Factor 
&signed Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score (Section) 

1 
Observed Release 45 1 0 45 8.1 

-- 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2 .  

2 
Accessibility @ 1 2  3 1 0 3 8.2 

J 
Containment 

Waste Characteristics 

Toxicity 0 1 2 0  

Population Within 
a 1-Mile Radius 

0 1 0 3  4 5 

Distance to a 
Critical Habitat 

@ 1 2  3 

Total Targets Score 8 32 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 21,600 

7 
Divide line 6 by 21,600 and multiply by 100 SDC = 0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 3.2 
Depth to Aquifer 

of Concern @ 1 2  3 2 0 6 

Net Precipitation @ I  2 3 1 0 3 

Permeability of the 
Unsaturated Zone 0 1 @ 3 1 2 3 

Physical State 0 1 2 0  1 3 3 

. Total Route Characteristics Score 5 15 

3 
Containment 0 1 2 0  1 3 3 3.3 

Waste Characteristics 3.4 
Toxicity/Pelsistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 1 @ 3 3 6 9 
, Distance to Nearest @ 4 6 8 10 1 0 40 

WeWPopulation 12 16 18 20 
Served 24 30 32 35 40 

Total Targets Score 6 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 2,340 57,330 

7 

Divide line 6 by 57,330 and multiply by 100 s,, = 4.08 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to lime 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 4.2 
Facility Slope and 

Intervening Terrain @ 1 2 3 1 0 3 

1-yr. 24-hr. Rainfall 0 @ 2 3 1 1 ,  3 

Distance to Nearest 
Surface Water 0 1 0 3  

Physical State 0 1 2 0  

Total Route Characteristics Score 8 15 

3 
Containment 1 2  3 1 0 3 4.3 

Waste Characteristics 4.4 
Toxicity/Persistence 1 18 18 
Hazardous Waste 2 8 

Quantity 

Total Waste Characteristics Score 20 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 

Distance to a Sensi- 
tive Environment 0 1 2 3 2 0 6 

~ o p u ~ a t i o n  Served/ 8 0 4 6 8 1 0  1 o 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

7 
Divide line 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  4 5  5.1 

Date and Location: During production testing. 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 

Reactivity and 
Incompatibility 0 1 2 3  

Toxicity 0 1 2 3  3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 8  1 

Total Waste Characteristics Score 20 

Targets 

Population Within 0 9 12 15 18 1 
4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  2 
tive Environment 

' Land Use 0 1 2 3  1 

Total Targets Score 

4 
Multiply 1 x 2 x 3 0 35,100 

5 
Divide line 4 by 35,100 and multiply by 100 Sa = o  



HRS SCORE FOR 

UD6 DISPOSAL HOLE 

Sgw = 4.08 

Ssw = 0.0 



APPENDIX 2.2.A. 1 1 
HRS WORKSHEETS 

CORE STORAGE YARD 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 

2 
Waste Characteristics 7.2 

Direct Evidence 1 0 3 

Ignitability 1 3 3 

Reactivity 1 3 3 

Incompatibility 1 3 3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 17 20 

Distance to Nearest 0 1 @ 3 4 5 
Povulation 

Distance to Nearest 0 1 2 0  
Building 

Distance to Sensitive @ 1 2 3 1 0 3 
Environment 

Land Use 

Population Within 0 1 w 3  4 5 
2-Mile .Radius 

. ~uildings Within 0 1 0 3  4 5 1 2 5 
2-Mile Radius 

Total Targets Score 10 24 

4 
Multiply 1 x 2 x 3 

5 
Divide line 4 by 1,440 and multiply by 100 s,, = 11.8 



DIRECT CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

If observed release is given a score of 45, proceed to line 4 .  

If observed release is given a score of 0, proceed to line 2. 

2 
Accessibility 

3 
Containment 

waste Characteristics 8.4 

Toxicity 0 1 2 0  5 15 15 

Targets 8.5 

Population Within 0 1 0 3  4 5 4 8 20 
a 1-Mile Radius 

Distance to a @ 1 2  3 4 0 12 
Critical Habitat 

Total Targets Score 8 32 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 . x  4 x 5  

7 
Divide line 6 by 21.600 and multiply by 100 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4, 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristici 
Depth to Aquifer 

of Concern @ I  2 3 
h 

Net Precipitation 1 2  3 

Permeability of the , 
I Unsaturated Zone 0 1 @ 3 1 2 3 

Physical State 0 1 2 0  1 3 3 

Total Route Characteristics Score 5 15 

3 
Containment 

waste Characteristics 3.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 
Ground Water Use 0 1 @ 3 3 6 9 

. Distance to Nearest @ 4  6 8 10 1 0 40 
WetYPopulation 12 16 18 20 
Served 24 30 32 35 40 

Total Targets Score 6 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 2,340 57,330 

I 
Divide line 6 by 57,330 and multiply by 100 s,, = 4.08 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  45 4.1 

If observed release is given a score of 45, proceed to line 4.' 

If observed release is given a score of 0, proceed to line 2. 

L 
Route Characteristics 4.2 

Facility Slope and 
Intervenxng Terrain @ 1 2 3 1 0 3 

1-yr. 24-hr. Rainfall 0 0 2 3 1 1 3 

Distance to Nearest 
Surface Water (a) 1 2 3 - 

Physical State 0 1 2 0  1 3 3 

Total Route Characteristics Score 4 15 

3 
Containment @ 1 2  3 1 0 3 4.3 

Waste Characteristics 4.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 

Distance to a Sensi- 
tive Environment @ 1 2 3 2 0 6 

Population Served/ @ 4 6 8 10 1 0 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

7 
Divide line 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Rating Factor 
Assigned Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score (Section) 

1 
Observed Release 45 1 0  45 5.1 

Date and Location: During production testing. 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 

Reactivity and 
Incompatibility 0 1 2 3  

Toxicity 0 1 2 3  3 

Hazardous Waste 
Quantity 

Total Waste Characteristics Score 20 

Targets ' 

Population Within 0 9 12 15 18 
4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  
tive Environment 

Land Use 0 1 2 3  

Total Targets Score 39 

4 
Multiply 1 x 2 x 3 35,100 

5 
Divide line 4 by 35,100 and multiply by 100 Sa = o  



Sgw = 4.08 

Ssw = 0.0 

S a  = 0.0 

HRS SCORE FOR 
CORE STORAGE YARD 



APPENDIX 2.2.A. 12 
HRS WORKSHEETS 

AREA 3 SUBDOCK COMPLEX 



FIRE AND EXPLOSION WORK SHEET 

Rating Factor 
Assigned Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score (Section) 

1 
Containment 

2 
Waste Characteristics 

Direct Evidence 

Ignitability 

Reactivity 

Incompatibility 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 Q  1 8 8 

Total Waste Characteristics Score 17 20 

Targets - 
Distance to Nearest 0 1 0 3 4 5 

Po~ulation 

Distance to Nearest @ 1 2 3 
Buildine - 

Distance to Sensitive @ 1 2 3 
Environment 

Land Use 0 0 2  3 

Population Within 
2-Mile Radius 

0 1 0 3  4 5 

Buildings Within 
2-Miie Radius 

Total Targets Score 

4 
Multiply 1 x 2 x 3 

5 
Divide line 4 by 1,440 and multiply by 100 s,, = 24.8 



DIRECT CONTACT WORK SHEET 

Rating Factor 

-- 

Assigned Value Multi- Max. Ref. 
(circle one) plier Score Score (Section) 

1 
Observed Release 

If observed release is given a score of 45, proceed to line 4. 

If  observed release is given a score of 0, proceed to line 2. 

2 
Accessibility 0 0 2  3 1 1 3 8.2 

3 
Containment 0 @ 1 15 15 8.3 

Waste Characteristics 8.4 

Toxicity 0 1 2 0  5 15 1s  

- 
Population Within 0 1 0 3  4 5 4 8 20 

a 1-Mile Radius 

Distance to a 
Critical Habitat 

@ 1 2  3 

Total Targets Score 8 32 

6 ~ f  line 1 is 45, multiply I x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 1,800 21.600 

7 
Divide line 6 by 21,600 and multiply by 100 SDC = 8.33 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release (3 45 

If observed release is given a score of 45, proceed to line 4 .  

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Depth to Aquifer 

of Concern @ 1 2  3 

Net Precipitation @ 1  2 3 

Permeability of the 
Unsaturated Zone 0 1 @ 3 

Physical State 0 1 2 0  

Total Route Characteristics Score 5 15 

3 
Containment 0 1 2 0  1 3 3 3.3 

Waste Characteristics 3.4 
ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 1 @ 3 3 6 9 

Distance to Nearest @ 4 6 8 10 1 0 40 
WeWPopulation 12 16 18 20 
Served 24 30 32 35 40 

Total Targets Score 6 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 2,340 57,330 

7 
Divide line 6 by 57,330 and multiply by 100 Sgw = 4.08 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release @ 45 1 0 45 4.1 

-- - - --- 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 4.2 
Facility Slope and 

Intervening Terrain @ 1 2 3 1 0 3 

l-yr. 24-hr. Rainfall 0 @ 2 3 1 1 3 

Distance to Nearest 
Surface Water 0 1 2 0  2 6 6 

Physical State 0 1 2 0  1 3 3 

Total Route Characteristics Score 10 15 

3 
Containment 0 1 2 0  1 3 3 4.3 

Waste Characteristics 4.4 

Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 @  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 

Distance to a Sensi- 
tive Environment 0 1 2 3 Q 

Population Servedl 4 6 8 10 1 0 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

, . Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 

I 
Divide line 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  45 5.1 

Date and Location: During production testing. 
- 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

' 
Waste Characteristics 

Reactivity and 
Incompatibility 0 1 2 3  

Toxicity 0 1 2 3  3 9 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 8  1 

Total Waste Characteristics Score 20 

Targets 5.3 

Population Within 0 9 12 15 18 1 30 
4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  2 6 
tive Environment 

Land Use 0 1 2 3  1 3 

Total Targets Score 39 

4 
Multiply 1 x 2 x 3 0 35,100 

J 

Divide line 4 by 35,100 and multiply by 100 Sa = 0 



HRS SCORE FOR 
AREA 13 SUBDOCK COMPLEX 



SECTION 2.3 

COVERSHEET 

NAME OF S m :  Rainier Mesa, Nevada Test Site, Nevada 

LOCATION: North Central portion of the NTS. The area is used for under- 
ground weapons testing and formerly radioactive waste dis- 
posal. 

DISPOSITION: The Rainier Mesa (Area 12) is wholly located within the bounds 
of the U.S. DOE'S Nevada 'Test Site. 



PRELIMINARY ASSESSMENT REPORT 

RAINIER MESA, NEVADA TEST SITE, NEVADA 

INTRODUCTION 

The Rainier Mesa area has been used for underground weapons testing since 

1957. Tests are conducted in a series of adits and tunnels mined into the Mesa, which 

are designed to contain all radioactivity underground. Tests conducted beneath Rain- 

ier Mesa are generally of lower yield than those conducted in other testing areas of 

the NTS. Since numerous tests have been conducted in a environment, only one test 

will be evaluated. The test chosen, "Mighty Oak," was a significant failure of con- 

tainment and did release measurable quantities of radionuclides into the atmosphere. 

In addition to this test, inactive waste disposal sites are evaluated which contain 
radioactive or hazardous contaminants. These disposal sites include mine waste 
piles, wastewater disposal sites, and a radioactive waste burial site. 

OVERALL FACILITY DESCRIPTION 

Rainier Mesa is located in the north central portion of the NTS. The entire 

Rainier Mesa testing area is contained in NTS Area 12. In this section, the term 

Rainier Mesa and Area 12 will be used synonymously. Figure 2.3.1 shows the loca- 

tion of Area 12 in relation to the rest of the NTS. 

Underground weapons tests have been conducted in mined adits in Rainier 

Mesa since 1957. As of December 1986, 54 announced tests have been conducted 

there. These tests are generally of low yield and are designed to contain radioactivity 

and blast effects. Radioactive material from these shots and other related activities 

has been buried at several sites in Area 12. In addition, contaminated mine waste- 

water has been disposed of in unlined ponds at several adit portals. Test "Mighty 

Oak," which produced airborne releases of radioactivity, will be assessed. 

Within Rainier Mesa, 12 tunnel complexes have been constructed. Of these, 

four are actively used for weapons testing and relaied activities (U12g, U12n, U12t, 

and U12p). These tunnel complexes will not be assessed as they are active. Of the 

remaining eight complexes (U12b, U12c, U12d, U12e, U12f, U12i, U12j, and U12k), 

all have tailing piles (muck piles) which may contain radioactive and hazardous 

waste from tunneling operations. In the past, contaminated material has been dis- 

posed of in these muck piles. For the purposes of this review, the muck piles of 





U12c, d, and f as well as U12i, j, and k will each be combined and described each as 

one site owing to their proximity to one another. Effluent from U12e tunnel complex 

was discharged into four unlined ponds with a total surface area of approximately 

13,000 ft2.3 At the present time, these ponds are nearly dry, however, discharge into 

the ponds continues. 

In addition to these sites, a contaminated waste dump exists just east of U12e. 
This site contains buried radioactive debris from testing. Each of the sites is listed in 

Table 2.3.1 and is shown in Figure 2.3.2. 

ENVIRONMENTAL SE'ITING 

Rainier Mesa is the highest of a group of mesas, ridges, and low mountains that 

border the northwestern part of Yucca Flat, a large intermontane basin. The mesa 
trends north-south, is about 3 miles long, 1.5 miles wide, and includes 4.4 mi2 within 

the area of its caprock. The mesa rises 200 to more than 700 ft above the nearby 

highlands, and about 2,500 to 3,500 ft above nearby intermontane basins. The alti- 
tude of the volcanic caprock of the mesa ranges from 7,400 to 7,679 ft. /By contrast, 

the maximum altitude of Yucca Flat, about 5,000 ft, is attained about 3 miles east of 

Rainier Mesa. The mesa is part of a drainage divide that separates westerly drainage 
to the Fortymile Canyon area from easterly drainage to Yucca Flat. 

TABLE 2.3.1. SITES WITHW AREA 12. 

Site Name Site Type 

Mighty Oak 
CWD-I 
U12b 

U12c, d, f 
U12e 
U12i, j, k 

Underground Nuclear Test 

Waste Dump 
Muck Pile 

Muck Pile 

Muck Pile, Wastewater Ponds 
Muck Pile 

The Nevada Test Site is characterized by low precipitation, low relative humid- 

ity, and large daily variations in temperature. Average annual precipitation on Rain- 

ier Mesa was 7.5 inlyr during the 5-year period of record between 1959 and 1964. By 





contrast, in the nearby intermontane basins, the average annual precipitation in 
northern Yucca Flat was 4.5 in, for a 3-year period of record and in northern Forty- 
mile Canyon was 5.4 in, for a 3-year period of record. The precipitation record 
admittedly is short and does not reflect the very irregular precipitation in desert re- 
gions; however, the short-term precipitation record does indicate a marked differ- 
ence between precipitation on the mesa and that on the nearby valley floor.1 

Land use in the vicinity of Area 12 is controlled by DOE and is largely undevel- 
oped to the west. To the east, Yucca Flat is heavily utilized for underground weapons 
testing and related activities. No species are known to exist on or near Area 12 that 

'are presently on the U.S. Department of Interior's Endangered Species list.4 

HYDROGEOLOGIC SUMMARY 

The hydrogeology of the Rainier Mesa area as well as the entire NTS is complex 
and not well understood. Winograd and Thordarsonz (1975) provide the most com- 
plete picture of the regional hydrology of NTS. Owing to the ground-water recharge 
originating in the areas to the north as well as recharge through Rainier Mesa, the 
flow of ground water is generally in a southerly direction. Beneath Rainier Mesa, a 
strong gradient exists from Water Well #8 through Test Well #I and eastward to 
Yucca Flat, suggesting that ground water under Rainier Mesa is moving toward 
Yucca Flat. However, the presence of the Eleana Formation between these two areas 
suggests that little flow actually occurs in that direction. Due to this barrier to the 
east, it appears likely that the regional ground water beneath Rainier Mesa is flowing 
towards the south parallel to the Eleana Range. The ground water is flowing in both 
Paleozoic carbonate sequences and volcanic units of Tertiary age. The lack of wells 
drilled to the regional water table around Rainier Mesa adds considerable uncertainty 
to this estimate, and no estimate is possible at this time on the rate of movement of 
ground water in this area.3 

The testing areas (adits) of Area 12 are located roughly 2,000 ft above the re- 
gional zone of saturation. The geology of Rainier Mesa is shown in Figure 2.3.3 and 
consists of general flat-lying volcanic tuff draped over an erosional surface of Paleo- 
zoic dolomite. Most tunnel testing has occurred in zeolitic to partially-welded tuff. 

The hydrogeology of the Rainier Mesa area is poorly understood due to the low 

density of wells to the water table. Previous studies suggest that the regional ground- 
water flow (at a depth of approximately 2,000 ft  below all Area 12 sites) is to the 



FIGURE 2.3.3. General Geologic Cross-Section of Rainier Mesa.' 



southwest andlor southea~t.'.~ The velocity of flow is not known, but is believed to be 
small. A perched water table is found within Rainier Mesa and areas to the north. 
This perched water zone is a result of recharge from the mesa top intersecting the low 
permeability zeolitic tuff units at U12e tunnel level. Tunnel U12e, as well as several 
active tunnels, has intersected these waters (Figure 2.3.3). This perched water is 
found only in Rainier Mesa and areas to the north1 and is not believed to underlie the 
waste disposal sites at the tunnel portals. This perched water is not used for water 
supply or stock watering in Area 12. 

No perennial surface water exists in Area 12 except for contaminated waste 
disposal ponds. 

The average precipitation at the top of Rainier Mesa is 12 in. based upon records 
from 1959.5 The precipitation data has also been reported as low as 7.5 in., however, 
the period of record was only 5 years. Precipitation at the Area 12 camp (at the base 
of the Mesa) should be slightly less due to orographic effects. 

The maximum 1 year, 24 hr precipitation event is not known due to lack of data. 
The 2 year, 24 hr precipitation is estimated at 1 in.124 hr. 

The potential evapotranspiration has not been measured at or near Rainier 
Mesa,3 however, evaporation greatly exceeds precipitation in most areas of NTS. 

HUh4AN RECEPTORS 

An on-site work force of generally less than 1,000 workers is assigned to Area 
12. Water supply for the work force at Area 12 comes from Water Well #8 located 
approximately 5.5 miles to the west from the closest site in Area 12 (U12e site #I and 
#2). Wafer Well #2, located approximately 5 miles to the east of the disposal sites in 
Area 12, is used as one of the water supplies for the Yucca Flat testing areas. No 
other water supply wells are located in the vicinity. 

ENVIRONMENTAL RECEPTORS 

Environmental receptors include mule deer, mountain lions, wild horses, and 
other desert animals. No sport or commercial hunting nor commercial grazing is 
allowed on any portion of the NTS. 

HISTORY 



Testing beneath Rainier Mesa began in 1957 with the first fully-contained un- 
derground nuclear test. Since that time, at least 54 announced tests have been con- 
ducted. Four tunnel complexes remain active to date: U12g is used primarily for 
non-nuclear experiments while U12n, U12t, and U12p are used for nuclear testing. 
As a result of testing operations, each of the muck piles at the heads of the tunnels is 
believed to be contaminated. 

WASTE GENERATION 

Contaminated (primarily radioactive) material is generated during nuclear 
weapons testing. This material consists of contaminated rocks, equipment, and 
drainage water. ~azardous materials, such as solvents, have been detected in small 
quantities in wastewater discharges at the active U12t ponds. 

Contaminated muck (waste rock) has been buried at the inactive tunnel portals 
of U12b, U12c, d, f, U12g, U12i, j, k, and U12e. Contaminated wastewater has been 
discharged to four abandoned ponds at U12e and one pond at U12g. A contaminated 
waste dump exists at the base of the U12e road. For the site analysis, ponds and 
muck piles at U12g and U12e will be described at one site each. Muck piles at U12c, 
d, and f will be combined, as will U12i, j, and k due to the fact that they are directly 
adjacent to one another. 

OVERALL S m  HAZARD AND ASSESSMENT 

Due to the distance to water supplies and the burial techniques, most sites ap- 
pear to pose little threat to existing water supplies. Transport of long-lived radionu- 
clides by erosion may have future impacts. The discharge of contaminated water to 
unlined ponds at U12e may pose a more significant hazard to the underlying ground 
water. The highest migratory score at Rainier Mesa was 13.92 from the "Mighty 
Oak" test. 



Site Name - U12b Muck Pile. 

Site Location - The location of U12b muck pile is shown on Figure 2.3.4. The 
muck pile at U12b is located at an elevation of 6,606 ft. Within the tunnel, a few 
small seeps of water have been found, however, no ponds exist at the U12b portal.? 

HISTORY 

U12b was the first tunnel used for weapons testing in Area 12. The first test was 
conducted on September 29, 1957. Five subsequent tests were conducted in the 
tunnel until 1963. ~ h d  muck pile was formed during this period. It has since 

revegetated considerably. 

WASTE GENERATION 

Contaminated waste rock and material are believed to be buried within the muck 
pile. Figure 2.3.5 shows the typical disposal method for contaminated waste at a 
muck pile. Note the activity is typically below 0.3 mIUhr. 

The U12b muck pile is fairly large. By visual inspection, it is 200 ft x 200 ft x 60 
ft, or 2.4 x 106 ft3. This is only an estimate based upon photographic and visual 
inspection. 

KNOWN RELEASES 

Although releases have occurred during testing from the tunnel portal,e no re- 
leases are expected at the muck pile due to the covering of soil and rock. 

Estimate of the quantity of radioactivity buried at U12b are not currently avail- 
able. For HRS purposes, a maximum score of 26 will be used until more precise data 
are available. 

POTENTIAL FOR DIRECT CONTACT OR FEWEXPLOSION HAZARD 

The muck pile is believed to be covered with a 10 ft soil/rock cover. No data are 
available on the existence of radioactivity brought to the surface by plant cover. 
U12n tunnel complex is located within one-half mile of the muck pile and supports a 

work force of at least 100 persons. 





(Typically <0.3 mR/hr) 

-Depth and 
Quantlty of 
Muck Varles 

FIGURE 2.3.5. Typical Disposal Method in Muck Piles. 

2.3.12 



The material buried is not believed to be reactive or have the potential for fire 
and explosion. 

POTENTIAL FOR GROUND-WATER RELEASE 

Water movement through the muck pile may be able to mobilize some radionu- 
clides. The distance to the water table is approximately 2,000 ft.1 The vadose zone is 
composed of both fractured and porous tuff and fractured dolomite. These fractured 
units can be locally highly transmissive.1 The closest water supply wells are 5.5 miles 
(Water Well #8) and 6.0 miles away (Water Well #2). , 

POTENTIAJd FOR SURFACE WATER RELEASE 

No observed release of radioactivity has been documented in ephemeral streams 
near the site. The facility slope is very steep, approaching the angle of repose. The 
distance to the closest ephemeral stream is approximately one-fourth mile (USGS 
topographic map, Rainier Mesa, Nevada). The slope is approximately 400 to 1,320 
ft, or 30 percent. No surface water is currently used anywhere on the NTS. 

POTENTIAL FOR AR RELEASE 

No observed air release has been documented for the muck pile. The closest 
working population (U12n complex) is at least 100 persons per day. No sensitive 
environments are located near the site. 

THREATS TO THE FOOD CHAIN AND ENVIRONMENT 

Although the waste material is buried, it is possible that burrowing animals or 
. deep-rooted plants may uptake radionuclide waste. Grazing animals may then be- 

come contaminated. No sensitive environments are located near the site as no spe- 
cies found on NTS are currently on the Federal Endangered Species list. 

CONCLUSION AND RECOMMENDATIONS' 

The site appears to pose little threat to the human population. Uptake by plants 
or erosion of covering could move radionuclides into the bio-environment. A pre- 
liminary HRS was conducted for the U12b site and is included in Appendix 2.3.A.1. 
The site received a migration score of 0.94, a fire and explosion score of 4.44, and a 
direct contact score of 0.0. 



It is recommended that further data be collected on the type and quantity of 
waste present in the pile. Mitigative measures may be necessary to reduce leachate 
generation and limit plant root uptake. Additional data is also required on the re- 
gional hydrogeology in order to better assess the possible migration to drinking water 

supplies. 



sm SPECIFIC D E S C r n O N  

Site Name - Contaminated Waste Dump #I (CWD-1). 

Site Location - The CWD-1 consists of a 60 ft x 150 ft burial ground for con- 
taminated tunnel wastes (radioactive). The site is located at the junction of the 
Pahute Mesa Road and the access road to U12e tunnel complex. The location is 
shown in Figure 2.3.6. The site is roped-off with signs posted warning of radioactiv- 
ity. The site is located at longitude 116"10'30"E, latitude 37"11i15"N. 

HISTORY 

The CWD-1 was used for the burial of contaminated rock and equipment result- 
ing from weapons testing at Rainier Mesa. Data were not found as to quantities of 
radioactivity or hazardous constituents buried there. The soil cover thickness is un- 
known, however, visual inspection of the site showed no signs of uncovering of the 
waste and a vegetated cover had established itself. No liner is present. 

WASTE GENERATION 

Contaminated equipment and tunnel rock (volcanic tuff) are buried at the site. 
The cover thickness and volume of material is not known. For volume of waste, a 10 
ft depth will be assumed which, combined with the dimensions of fenced area (60 ft x 
150 ft), yields a conservative volume of 3,333 yds3 of waste. 

KNOWN RELEASES 

No documented releases were found that were attributable to the CWD-1. Up- 
take of radionuclides by plants on the cover appears possible. 

POTENTIAL FOR DIRECT CONTACT OR ~ X P L O S I O N  HAZARD 

By visual inspection, the burial procedure appears adequate to limit direct con- 
tact. The site is roped-off and posted. Uptake by plants or uncovering by flash 
floods appears possible. Subsequent direct contact either by humans or animals 
would also then be possible. Data are not available on cover thickness, but based 
upon burial techniques at the muck piles, it is likely that the cover thickness exceeds 

2 ft. 

The closest active work area is the Area 12 camp (1 mile northwest). This area 
has a large transient and permanent work force. The work force is likely to be less 





than 1,000 persons. A large number of buildings also are present in the area, gener- 
ally fewer than 100 within a two-mile radius. 

POTENTIAL FOR GROUND-WATER RELEASE 

Similar to the muck piles, the depth to ground water at CWD-1 is between 1,500 
and 2,000 ft. The site is underlain by a thin veneer of coarse-grained alluvium and 
fractured dolomite. Although transport of radionuclides is possible, the low precipi- 
tation, combined with the depth of the aquifer, makes this an unlikely pathway. The 
nearest water supply wells aye 5.2 miles (Water Well #2) and 6.5 miles (Water Well 

#8) away. 

POTENTIAL FOR SURFACE WATER RELEASE 

No observed release from CWD-1 was found. The facility slope is fairly flat (20 
ft  to 200 ft, or 10 percent). The distance to the nearest ephemeral stream is 200 ft, 
based upon topographic data. No perennial surface water is present. 

POTENTIAL FOR AIR RELEASE 

It is believed that the waste is in the form of solid radionuclides and the potential 
for significant air release is slight. It may be possible, if,plant uptake of nuclides has 
occurred, to mobilize nuclides from dead plant material and transport them by wind. 

THREATS TO FOOD CHAIN AND ENVIRONMENT 

Uptake by plants of radionuclides and subsequent introduction into the food 
chain is possible. 

CONCLUSION AND RECOMMENDATIONS 

Uptake of radionuclides by plants and the potential for flood waters to uncover 
the buried waste appears significant. The site should receive further investigation to 
determine if these pathways can be mitigated. Additional data is also needed to 
determine if infiltration of precipitation may mobilize the waste and lead to ground 
water contamination. A preliminary HRS was conducted for the CWD-I site and is 
included in Appendix 2.3.A.2. The migration score for the site was 0.94, S m  was 

5.0, and S ~ c w a s  0.0. 



SITE SPECIFIC DESCRIF'TION 

Site Name - U12c, d, and f Muck Piles. 

Site Location - U12c, d, and f muck piles are located at the tunnel portals of 
U12c, d, and f. The three portals are adjacent to one another, approximately 500 ft 

west of U12b portal. The muck piles from each of the tunnels form one continuous 
muck pile at an elevation of 6,700 ft. The tunnels are small (in comparison to other 
tunnels within Rainier Mesa) and, consequently, the volume of material in the muck 

pile is relatively small. The volume of waste rock may be greater than 3,000 yds3. 
The site is located at latitude 37"11f45"N, longitude 116°12'Of'W (Figure 2.3.7). 

HISTORY 

Tunnel complexes U12c, d, and f were used for nuclear weapons testing. The 
muck pile was constructed during this time. The tunnels are no longer used for 
testing purposes. 

WASTE GENERATION 

Contaminated (radioactive) waste rock has been buried within the muck pile 
during post-test activities. The method of disposal is shown in Figure 2.3.5. Esti- 
mates are not available for the volume of waste material buried within themuck pile. 
Disposal procedures called for maximum radioactivity to be less than 0.3 mRhr for 
disposal within the muck pile. Hazardous constituents (non-radioactive) produced 
during testing or mining may also be present, however, their quantity and toxicity 
should be overshadowed by the radioactive components. For HRS scoring purposes, 
the maximum score of 26 will be used. The waste form consists of contaminant rock, 
rubble, and possibly contaminated equipment and cement. 

KNOWN RQLEASES 

Documented releases of radioactivity during testing and minebacks, in the form 
of radioactive gases, have occurred from testing at Rainier Mesa. However, no docu- 
mented releases of radioactivity from the muck piles have been recorded. Due to the 
nature of the disposal method (burial and covering), documented releases from the 
muck pile are not expected. 

POTENTIAL FOR DIRECT CONTACT OR FTREEXPLOSION HAZARD 

Due to the burial method, direct contact is unlikely as long as the waste remains 
covered. No data is available on the possible uptake of waste by deep-rooted plants. 





The area (including all of Rainier Mesa) is controlled by the DOE under strict secu- 
rity measures. The nearest work force (and buildings) are located at the U12n tunnel 
complex, approximately 0.5 miles to the north. A security gate is located on the road 
within 1 mile of the muck pile. The waste material is not believed to be flammable. 

P O T E m  FOR GROUND-WATER RELEASE 

Water moving through the muck pile may be able to mobilize some of the waste 
products within it. The distance to aquifer of interest (excluding the perched water 
table within Rainier Mesa) is approximately 2,000 ft. The unsaturated zone consists 
of a thin layer of bedded and zeolitic tuff and a large thickness of fractured dolomite. 
The closest water supply wells are 5.5 miles (Water Well #8) and 6.5 miles (Water 
Well #2) away. For H R S  scoring, the ground water is considered usable for commer- 
cial use, however, other sources are available. 

POTENTIAL FOR SURFACE WATER RELEASE 

No observed release of radioactivity was found for the muck pile. The facility 
slope is flat on the top of the muck pile, while the side slopes approach the angle of 
repose. The distance to the nearest ephemeral stream is slightly less than 0.5 miles 
based upon topographic maps of the area. The slope to the nearest ephemeral stream 
is 30 percent. By visual inspection, the cover materials do not appear to be sufficient 
to eliminate the possibility of surface water erosion. 

No surface water is currently used nor does it exist except during flooding 
events. 

POTENTIAL FOR AIR RELEASE 

The potential for air release is low due to the cover material on the muck piles. 
Uptake of radionuclides by plants and subsequent dispersal is possible. 

THREATS TO THE FOOD CHAIN AND ENYlRONhGW 

Uptake by plants or disturbance by burrowing animals of buried radioactivity is 
possible. 

. CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for the U12c, d, and f muck pile sites and is 
included in Appendix 2.3.A.3. Using the existing HRS system, the migratory score 



for the site was 0.94. Additional data is needed on the quantity and type of materials 
disposed of in the muck pile. Based upon these data, closure or removal plans may 

be designed. 



S!XE SPECIFIC DESCFWl'ION 

Site Name - U12i, j, and k Muck Piles. 

Site Location - U12i, j, and k muck piles are located at longitude 116"09'1S"E, 
latitude 37"13'15"N adjacent to the tunnel portals of U12i, j, and k. The muck piles 
from each tunnel form a continuous muck pile at an altitude of 5,640 ft. The tunnels 
are small in comparison to the active tunnels at Rainier Mesa and, consequently, the 
volume of material (both contaminated and non-contaminated) is small but will be 
taken as 3,000 yds3. Figure 2.3.8 shows the location of U12i, j, and k. 

HISTORY 

Tunnel complexes U12i, j, and k were used for underground nuclear tests. The 
tunnels are no longer used for testing purposes. 

WASTE GENERATION 

Contaminated (radioactive) waste rock and material are believed to be buried 
within the muck pile. In addition, releases of radioactive material immediately foI- 
lowing at least one test have resulted in contamination of the surface soils near and 
on the muck pile. The method of burial is similar to other muck piles in which 
material at less than 0.3 mR/hr was covered with a 10 ft cover of clean waste rock. 
The waste is in the form of radioactive-contaminated rock and debris. Hazardous 
constituents may also be present, however, their quantity and toxicity are believed to 
be overshadowed by the radioactive contamination. Since the quantities of material 
buried is unknown, a maximum score of 26 will be used for preliminary HRS scoring. 
Documented releases, in the form of surface contamination of the surrounding soil, 
is evidenced by barricades and warning signs indicating alpha contamination. 

KNOWN RELEASES 

Documented releases of radioactivity from testing have occurred at Rainier 
Mesa, but releases directly attributable to the muck pile were not found. 

POTENTIAL FOR DIRECT CONTACT OR FDWEXPLOSION HAZARD 

Due to the burial method, direct contact with the waste material in the muck pile 
is unlikely as long as the waste remains buried. No data were available concerning 
the occurrence of uptake of radionuclides by plants in the muck pile. Contaminated 
surface soils as a result of testing are present at or near the muck pile. The area is 
roped-off and barricaded, and warning signs have been placed on and near the site. 





The nearest work force atU12t tunnel is within 2,000 ft. The work force is estimated 
at several hundred persons during active testing periods. 

Due to the nature of the contaminated material (dispersed radioactivity), the 
material is not believed to be flammable or reactive. 

POTENTIAL FOR GROUND-WATER RELEASE 

As with the other muck piles at Rainier Mesa, the likelihood of ground-water 
contamination is low owing to the distance to the water table (2,000 ft), and the 
distance to water supply wells #2 and #8 are 6.5 miles and 8.0 miles from the site, 
respectively. For HRS scoring, the ground water is considered usable for commercial 
use, however, other sources are available. 

POTENTIAL FOR SURFACE WATER RELEASE 

The facility slope is flat on the top of the muck pile, while the side slopes ap- 
proach the angle of repose. The distance to the nearest ephemeral stream is less than 
200 ft. The slope to the stream channel is steep (approximately 30 percent). 

No natural surface water is currently used nor does it exist except during flood- 
ing. 

POTENTIAL FOR AIR RELEASE 

Documentation of air releases attributable to the muck pile were not found. The 
bulk of the contaminated material is buried, however, surface contamination (from 
test ventings) could be transported by wind. 

THREATS TO FOOD CHAIN AND ENVIRONMENT 

Uptake of radionuclides from the buried waste by plants and subsequent intro- 
duction into the food chain is possible. Uptake of surface contaminants either by 
plants or animals is also possible. 

CONCLUSION AND RECOMMENDATIONS ' 

A preliminary HRS was conducted for the U12i, j, and k sites and is included in 
Appendix 2.3.A.4. The site received a migratory score of 0.94. Additional data is 
needed on the radionuclide inventory, the likelihood of uptake of the nuclides by 
plants, the resistance of the cover to erosion, and the underlying ground-water sys- 
tem to better assess potential cleanup strategies. 



S m  SPECIFIC DESCRlPTION 

Site Name - U12e Muck Piles/Ponds. 

Site Location - The U12e tunnel complex is located in the central portion of 
Rainier Mesa at longitude 116°12'00"E, latitude 37"11115"N. The site consists of a 
large muck pile containing buried radioactive material and four abandoned mine 
water drainage ponds. The site is located in a narrow canyon. Topographic maps do 
not show the area as an ephemeral stream, however, stream deposits and evidence of 
flow are located downstream from the ponds. Figure 2.3.9 shows the location of the 
U12e complex. 

HISTORY 

U12e tunnel has been the site of nine announced underground nuclear weapons 
tests. The last announced test was on November 1, 1977. A large muck pile contain- 
ing buried radioactive material is located directly adjacent to the tunnel portal. Four 
unlined ponds were used to dispose of water encountered during tunnel operation. 
This water is part of the perched water table located within Rainier Mesa and is 
contaminated with radioisotopes.= 

The tunnel is no longer in use. Discharge water (approximately 5 gpm on Feb- 
ruary 13, 1987) continues to be discharged into the first pond.3 The high permeabil- 
ity of the pond bottom does not allow for significant ponding. 

WASTE GENERATION 

Contaminated (radioactive) waste rock and material have been buried in the 
U12e muck pile. The volume of the muck pile is significant and likely exceeds 3,000 
yds3. The proportion of this volume containing radioactive contaminants is un- 
known. 

In addition to buried material, four ponds just east of the pile were used to 
dispose of water encountered in the tunnel. ponds constructed at Rainier Mesa lose 
nearly all their water to deep infiltration, and similar conditions exist at the U12e 
ponds where a continuous discharge of 5 gpm was observed to completely infiltrate in 
an area of less than 200 ft2 prior to reaching the first pond? These fluids are con- 
taminated with tritium above drinking water standards3 and have contained other 
radionuclides at various times as a result of testing. 





KNOWN RELEASES 

No estimates were available on the volume and type of radioactive contaminants 
disposed of in the U12e muck pile. Significant data are available in fluid samples 
collected yearly of the discharge to the tunnel ponds. These data show considerable 
variation likely due to the testing schedule and subsequent contamination of the tun- 
nel discharge water.3 

POTENTIAL FOR DIRECT CONTACT OR FIREIEXPLOSION HAZARD 

Owing to the burial method within the muck pile, direct contact is unlikely as 
long as the waste remains buried. The side slope of the tailings pile approaches the 
angle of repose and significant erosion (hills and gullies) has occurred along the 
eastern side of muck pile. No data are available on the uptake of radionuclides by 
plants on the muck pile. 

The discharge water, although not used for human consumption, can be used by 
fauna as a water source. An EPA report has shown significant contamination of deer 
as a result of drinking contaminated tunnel discharge water at Ul2t.7 These results 
indicate that similar fauna contamination could have occurred or is occurring at the 
U12e ponds. Current levels of radioactivity at U12e are much lower than those found 
at U12t. Former concentrations may have been higher. 

The closest occupied area is the U12n complex approximately 0.75 miles to the 
north where several hundred workers may be assembled during testing. The U12e 
complex is routinely visited by security personnel. The Area 12 camp is approxi- 
mately 1.75 miles to the northeast. These areas support less than 1,000 persons. 

POTENTIAL FOR GROUND-WATER RELEASE 

The potential for ground-water contamination for the U12e muck pile appears 
limited owing to the low precipitation that occurs there. The potential for ground- 
water contamination from the continuous discharge into the unlined ponds below the 
muck pile is high3 due to the fracture permeability of the underlying saturated zone. 
The closest well in the likely direction of ground water travel (Test Well #I), approxi- 
mately 2 miles south, was recently bailed and sampled by Desert Research Institute 
staff and analyzed by REECo and showed no anomalous levels of tritium. Tritium 
enrichment techniques were not used on these samples (J. Burrows, DOEWPED, 
personal communication). This well is not used for consumption. 



P O T E m  FOR SURFACE WATER RELEASE 

The site is located in a narrow canyon, which is not shown to be an ephemeral 
stream although over-land flow is likely. The closest mapped ephemeral stream is 
Tongue Wash, 0.9 miles from the lowest tunnel pond. The slope is approximately 
600 ft in 0.9 miles, or 13 percent. No surface water is currently utilized on the NTS. 

POTENTIAL FOR AIR RELEASE 

The potential for air release is low provided the buried waste material is not 
uncovered or uptaken by plant roots. Tritium respiration by plants surrounding the 
tunnel ponds is likely to be small. 

THREATS TO FOOD CHAIN AND ENVIRONMENT 

Animals, such as deer and wild horses, can easily utilize the discharge water for 
drinking. Since the water is contaminated, this poses a direct threat to the food 
chain. If uptake of radionuclides is occurring, animals may also ingest contaminated 
plant material. Significant contamination of fauna (mule deer) at U12t has been 
documented.7 No commercial or private hunting is allowed on the NTS, however. 

CONCLUSION AND RECOMMENDATIONS 

Direct threats exist to animals due to discharge water and potentially contami- 
nated plants. Discharge of contaminated fluids into the unlined ponds also consti- 
tutes a threat to ground water although its potential impacts are not known. Addi- 
tional data is also needed on the cover stability and infiltration characteristics of the 
muck pile. 

A preliminary HRS was conducted for the U12e site and is included in Appendix 
2.3.A.5. The migratory score for the site was 1.41, while the direct contact score was 
25.0. Further work on the site appears to be required to minimize impacts. ' 



SITE SPECIFIC DESCRIPTION 

Site Name - U12t Mighty Oak Test. 

Site Location - The underground nuclear test "Mighty Oak" was detonated on 
April 10, 1986. The test was located in U12t tunnel, longitude 116"09'15"E, latitude 
37"13'15"N. Surface facilities, including buildings housing workers, are located at 
the U12t tunnel portal. Figure 2.3.10 shows the location of the U12t tunnel portal. 

HISTORY 

Test Mighty Oak was detonated on April 10, 1986. Failure of various contain- 
ment structures allowed contamination of tunnel areas outside of the detonation cav- 
ity. Following the test, radioactive gases were released during mineback activities. 
These gases were detected off-site, i.e., on lands not controlled by the U.S. Depart- 
ment of Energy. 

WASTE GENERATION 

Waste generated during the test consists of contaminated rock and equipment 
and radioactive gases, as well as potentially contaminated mine drainage water. The 
disposition of these various materials is as follows: 

1. Contaminated solids (rock, equipment) were either left in place, such as in 
the cavity, buried within the tunnel complex, or removed and buried at the 
low-level waste disposal site in Area 5. 

2. Contaminated gases were vented to the atmosphere after scrubbing through 
filters to remove all but noble gases. 

3. Water contaminated during the test was likely discharged into one of several 
un1,ined ponds at the tunnel portal. 

The volumes of these various materials is not known. 

KNOWN RELEASES 

Releases of radioactive gases occurred during post-test activities. 

POTENTIAL FOR DIRECT CONTACT OR ~ X P L O S I O N  HAZARD 

During all testing at NTS, strict precautions are taken to limit access to testing. 
The potential for direct contact during a test is minimal. During the nuclear explo- 





sion, there are obviously ignitable and reactive materials. Containment procedures 
are used to control any potential fires or explosions after the test. Following the 
post-test activities, the possibility for fire and explosion is unlikely. 

P O T E m  FOR GROUND-WATER RELEASE 

The depth to the aquifer of concern is at least 2,000 ft  at the U12t site. Although 
perched water is found in the tunnel, it is not used for drinking. No water supply 

wells are within 5 miles of the site. 

POTENTIAL FOR SURFACE WATER CONTAMINATION 

An ephemeral stream is located at the U12t portal, however, the test was con- 
ducted a distance into the tunnel. It will be assumed that the distance to the ephem- 
eral stream is 2,000 ft. No perennial natural surface water is used on the NTS. 

POTENTIAL FOR AIR RELEASE 

During the re-entry operations, releases of radioactive gases occurred (see 
Known Releases). During the release, it was not determined how many workers were 
within a four-mile radius. However, Area 12 camp, located 1.5 miles to the south, 
likely has less than 1,000 workers. 

Quantity of the release was not available. 

THREATS TO THE FOOD CHAIN AND ENVIRONMENT 

Radioactive contamination, both by air and by wastewater disposal into un- 
fenced, unlined ponds, may enter the food chain through grazing animals or by ani- 
mals drinking contaminated wastewater. Documentation of deer contamination (as a 
result of drinking contaminated fluids discharged to unlined ponds) is given in Refer- 
ence 7. A maximum concentration of 5 , 3 0 0 ' ~ ~ i l ~  of iodine-131 were discovered in 
the thyroid of one of the deer sampled. 

CONCLUSION AND RECOMMENDATIONS ' 

A preliminary HRS was conducted for the U12t site and is included in Appendix 
2.3.A.6. The site scored a migratory score of 13.92 due to the release of radioactive 
gases from the test. This represents an anomalous event as most tests do not release 
significant activity to the atmosphere. The direct contact score for the site was 25.0 
due to the discharge of contaminated water to unlined ponds. 



It is recommended that fencing and other means be used to limit direct contact 

as well as other means of disposal of wastewater be investigated. 
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APPENDIX 2.3.A. 1 
HRS WORKSHEETS 
U12b MUCK PILES 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 

2 ~ a s t e  Characteristics 7.2 
Direct Evidence 3  1 0  3  

Ignitability 0 1 2 3  1 0  3  

Reactivity 0 1 2 3  1 0  3  

Incompatibility l! 0 1 2 3  1 O I 3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 m  1  8 8 

Total Waste Characteristics Score 8 20 

- - 

Targets 

Distance to Nearest 
Population 

Distance to Nearest 
Building 

Distance to Sensitive 
Environment 

Land Use 

Population Within 
2-Mile Radius 

Buildings Within 0 0 2  3  4 5 1  1  5 
2-Mile Radius 

Total Targets Score 8 24 

-- - 

4  
Multiply 1 x 2 x 3 

'~ iv ide  line 4  by 1,440 and multiply by 100 SFE = 4.44 



DIRECT CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  45 8.1 

If observed release is given a score of 45, proceed to line 4.  

If observed release is given a score of 0, proceed to line 2. 

3 
Containment @ 15 1 0 15 8.3 

waste Characteristics 8.4 

Toxicity 5 15 15 

Targets 8.5 

Population Within 0 1 0 3  4 5 4 8 20 
a 1-Mile Radius 

Distance to a a1 2 3 4 0 12 
Critical Habitat 

Total Targets Score 8 32 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 21,600 

7 
Divide line 6 by 21,600 and multiply by 100 SDC = 0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 3.2 
Depth to Aquifer 

of Concern a1 2 3 2 0 6 

Net Precipitation @ 1 2 3 1 0 3 

Permeability of the 
Unsaturated Zone 0 1 2 0  1 3 3 

Physical State 1 1 3 

Total Route Characteristics Score 4 15 

3 
Containment 0 1 2 0  1 3 3 3.3 

waste Characteristics 3.4 
ToxicityIPersistence 0 3 6 9 12 15@ 1 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 
Ground Water Use 0 0  2 3 3 3 9 

Distance to Nearest @ 4 6 8 10 1 0 40 
WelYPopulation 12 16 18 20 
Served 24 30 32 35 40 

Total Targets Score 3 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 

7 
1 Divide line 6 by 57,330 and multiply by 100 S, = 1.63 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 4.2 
Facility Slope and 

Intervening Terrain 0 1 2 0  1 3 3 

I-yr. 24-hr. Rainfall 0 0 2  3 1 1 3 

Distance to Nearest 
Surface Water 0 1 0 3  - 

Physical State 0 0 2  3 1 1 3 

Total Route Characteristics Score 9 15 

3 
Containment 0 1 2 0  1 3 3 4.3 

waste Characteristics 4.4 
Toxicity/Persistence 0 3 6 9 12 15 18 1 18 
Hazardous Waste 0 1 2 3 4 5 6 7 8  1 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 
Distance to a Sensi- 

tive Environment 0 1 2 3 2 0 6 

Population Served 8 0 4 6 8 1 0  1 0 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1is 0, multiply 2 x 3 x 4 x 5 0 64,350 

7 
Divide Une 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 
- - -  

Rating Factor 
Assigned Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score (Section) 

1 
Observed Release 45 1 0 45 5.1 

Date and Location: 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

L 
Waste Characteristics 

Reactivity and 
Incompatibility 

Toxicity 0 1 2 3  

Hazardous Waste 
Quantity 

Total Waste Characteristics Score 20 

Targets 

Population Within 0 9 12 15 18 
4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  
tive Environment 

Land Use 0 1 2 3  

Total Targets Score 39 

5 
Divide line 4 by 35,100 and multiply by 100 Sa = o  

2.3.39 



HRS SCORE FOR 
U12b MUCK PILES 



APPENDIX 2.3.A.2 
HRS WORKSHEETS 

RAINIER MESA CWD-1 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 3 1 1 3  7.1 

2 
Waste Characteristics 7.2  

Direct Evidence 3  1 0  3 

Ignitability 1  0 3 

Reactivity 1 0  3  

Incompatibility 1  0  3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 , 7 @  1  8 8 

Total Waste Characteristics Score 8 20 

Targets 7.3 - 
Distance to Nearest 0  1 0  3  4  5 

Pooulation 

Distance to Nearest 0  1u 3  
Buildinn - 

Distance to Sensitive a 1 2 3 1 0  3 
Environment 

Land Use 0 2  3  1  1  3 

Population Within 0  1 0 3  4  5 1  2 5 
2-Mile Radius 

Buildings Within 0  1 0 3  4  5 1 2 5 
2-Mile Radius 

Total Targets Score 9 24 

4  
Multiply 1 x 2 x 3  

5 
Divide line 4  by 1,440 and multiply by 100 sFE = 5.0 



DIRECT CONTACT WORK SHEET 

Rating Factor 
Assigned Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score (Section) 

-- - 

1 
Observed Release 

If observed release is given a score of 45, proceed to line 4.  

If observed release is given a score of 0, proceed to line 2. 

2 
Accessibility 0 0 2  3 1 1 3 8.2 

3 
Containment 

waste Characteristics 

Toxicity 0 1 2 0  

Targets 

Population Within 0 1 0 3  4 5 
a 1-Mile Radius 

Distance to a 
Critical Habitat 

a1 2 3 

Total Targets Score 8 32 

- 

6 ~ i  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 
--  - - 

7 
Divide line 6 by 21,600 and multiply by 100 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed'to line 2. 

Route Characteristics 
Depth to Aquifer 

of Concern @ 1 2  3 

Net Precipitation @ 1 2 3 

Permeability of the 
Unsaturated Zone 0 1 2 0  1 3 3 

Physical State 0 0 2  3 1 1 3 

Total Route Characteristics Score 4 15 

3 
Containment 0 1 2 0  1 3 3 3.3 

Waste Characteristics 3.4 
Toxicity/Persistence 0 3 6 9 12 15 18 1 18 

Hazardous Waste 0 1 2 3 4 5 6 7 8  1 
Quantity 

TOL~ Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 ( 3 2  3 3 3 9 

Distance to Nearest @ 4 6 8 10 1 0 40 
WelYPopulation 12 16 18 20 
Served 24 30 32 35 40 

Total Targets Score 3 49 

'1f line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 936 57,330 

7 
Divide line 6 by 57,330 and multiply by 100 sgW = 1.63 



SURFACE WATER ROUTE WORK S H E m  

Assigned value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 4.2 
Facility Slope and 

Intervening Terrain 0 1 2 0 - 
1-yr. 24-hr. Rainfall a 2 3 1 1 3 

Distance to Nearest 
Surface Water 0 1 2 0  2 6 6 

Physical State 0 0 2  3 1 1 3 

Total Route Characteristics Score 11 15 

3 
Containment 0 1 2 0  1 3 3 4.3 

Waste Characteristics 4.4 
ToxicityIPersistence 0 3 6 9 12 15 18 1 26 18 
~ a z a r d o u s  Waste - , 0 1 2 3 4 5 6 7 8  1 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 
Distance to a Sensi- 

tive Environment 2 0 6 

Population Served/ 1 0 40 
Distance to Water 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 
- 

6 ~ i  line 1 is 45, multiply i x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

7 
Divide line 6 by 64,350 and multiply by 100 ssw = 0 



AIR ROUTE WORK SHEET 

Rating Factor 
Assigned Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score . (Section) 

1 
Observed Release 45 1 0 45 5.1 

Date and Location: 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If tine 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 

Reactivity and 
Incompatibility 0 1 2 3  

Toxicity 0 1 2 3  

Hazardous Waste 
Quantity 

Total Waste Characteristics Score 20 

Targets 

Populaiion Within 0 9 12 15 18 
4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  
tive Environment 

Land Use 0 1 2 3  

Total Targets Score 39 

5 
Divide line 4 by 35,100 and multiply by 100 Sa = o  



HRS SCORE FOR 
RAINIER MESA CWD-1 



APPENDIX 2.3 .A.3 
HRS WORKSHEETS 

RAINIER MESA U12c, d, f MUCK PILES 



- - - - - - - 

FIRE AND EXPLOSION WORK SHEET 
- 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 

,5 
Waste Characteristics 7.2 

Direct Evidence 3  1 0  3  

Ignitability 8 0 1 2 3  1  0  3  

Reactivity 0 1 2 3  1 0  3  

Incompatibility 8 0 1 2 3  1  0  3  

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 8 20 

Tareets 7.3 - 
Distance to Nearest 0 1  2 0 4  5 

Po~ulation 

Distance to Nearest 0 0 2  3  
Buildine - 

Distance to Sensitive @ 1 2  3  
' Environment 

Land Use 0 2  3  1  1  3  

Population Within 0  1 0 3  4 5 1  2 5 
2-Mile Radius 

Buildings Within 0 0 2  3  4 5 1 1  5 
2-Mile Radius 

Total Targets Score 8 24 

' ~ iv ide  line 4 by 1,440 and multiply by 100 SF, = 4.44 



DIRECT CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  45 8 .1  

If observed release is given a score of 4 5 ,  proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

3 
Containment 

waste Characteristics 8.4 

Toxicity 0 1 2 0  5 15 15 

Targets 8.5 

Population Within 0 1 0 3  4 5 4 8 20 
a 1-Mile Radius 

Distance to a a1 2 3 4 0 12 
Critical Habitat 

Total Targets Score 8 32 

61f line 1 is 45, multiply 1 x 4 x  5 

If line 1 is 0, multiply 2 x 3'x 4 x 5 0 21,600 

7 
Divide line 6 by 21,600 and multiply by 100 soc =(I 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) piier Score Score (Section) 

1 
Observed Release 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Depth to Aquifer 

of Concern 0 1 2 3  

Net Precipitation 8 0 1 2 3  

Permeability of the 
Unsaturated Zone 0 1 2 0  

Physical State 

Total Route Characteristics Score 4 15 

3 
Containment. 1 3 3 3.3 

waste Characteristics 3.4 
ToxicityIPersistence 0 3 6 9 12 15 18 1 - 18 

Hazardous waste  0 1 2 3 4 5 6 7 8  1 8 
Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 0 2  3 3 3 9 

Distance to Nearest @4 6 8 10 1 0 40 
WelVPopulation 12 16 18 20 
Served 24 30 32 35 40 

Total Targets Score 3 49 

6 ~ f  tine 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 936 57,330 

7 
Divide line 6 by 57,330 and multiply by 100 sgW = 1.63 



- - 

SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 
Facility Slope and 

Intervening Terrain 0 1 2 0  

1-yr. 24-hr. Rainfall 0 0  2 3 

Distance to Nearest 
Surface Water 0 1 0 3  

Physical State 0 0 2  3 

Total Route Characteristics Score 9 15 

3 
Containment 0 1 2 0  1 3 3 4.3 

waste Characteristics 4.4 
ToxicityIPersistence 0 3 6 9 12 15 18  1 18 
Hazardous Waste 0 1 2 3 4 5 6 7 8  1 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 
Surface Water Use @ 1 2 3 3 0 9 
Distance to a Sensi- 

tive Environment 1 2 3  2 0 6 

Population Servedl 4 6 8 1 0  1 0 40 
Distance to Water 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

61f line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

7 
Divide Line 6 by 64,350 and multiply by 100 Ssw = 0 



-- - 

AIR ROUTE WORK SHEET 
-- - 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  45 5.1 

Date and Location: 

Sampling Protocol: 

If line 1 is 0, ;he Sa = 0. Enter,on line 5: 

If line 1 is 45, then proceed to line 2. 

2 ~ a s t e  Characteristics 
Reactivity and 

Incompatibility 0 1 2 3  

Toxicity 0 1 2 3  3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 8  1 8 

Total Waste Characteristics Score 20 

Targets 5.3 

Population Within 0 9 12 15 18 1 30 
4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  2 6 
tive Environment 

Land Use 0 1 2 3  1 3 

Total Targets Score 

5 
Divide line 4 by 35,100 and multiply by 100 Sa = o  



HRS SCORE FOR 

RAINIER MESA U12c, d, f MUCK PILES 



APPENDIX 2.3.A.4 
HRS WORKSHEETS 

RAINIER MESA U12i, j, k MUCK PILES 



FIRG AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 

waste Characteristics 7.2 
Direct Evidence 3  1 0  3 

Ignitability 0 1 2 3  1 0  3  

Reactivity 0 1 2 3  1 0  3  

Incompatibility 1 0 1 2 3  1 0  3  

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 8 20 

Targets 7.3 

Distance to Nearest 0  1 2 0  4  5  1  3  5 
Population 

Distance to Nearest 0 0 2  3  1  1  3  
Building 

Distance to Sensitive a 1  2  3 1 0  3  
Environment 

Land Use 0  1 0 3  1  2  3  

Population Within 0  1 0 3  4  5 1  2  5 
2-Mile Radius 

Bulldigs Within 0 0 2  3  4  5 
2-Mile Radius 

Total Targets Score 9 24 

4  
Multiply 1  x 2  x 3  72 1,440 

5 
Divide line 4  by 1,440 and multiply by 100 SF, = 5.0 



DIRECT CONTACT WORK SHEET 
-- - 

Rating Factor 
Assigned Value 

(circle one) 

pp - - 

Multi- Max. Ref. 
plier Score Score (Section) 

1 
Observed Release 45 

If observed release is given a score of 45, proceed to line 4.  

If observed release is given a score of 0, proceed to line 2. 

L 
Accessibility 

3 
Containment 0 @ 1- 15 15 8.3 

waste Characteristics 8.4 

Toxicity 0 1 2 0  5 15 is 

Targets 

Population Within . 0 1 0 3  4 5 
a 1-Mile Radius 

Distance to a a1 2 3 
Critical Habitat 

Total Targets Score 8 32 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 1,800 21,600 

7 
Divide line 6 by 21,600 and multiply by 100 SD, = 8.33 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 3.2 
Depth to Aquifer 

of Concern 0 1 2 3  2 0 6 

Net Precipitation 8 0 1 2 3  1 0 3 

Permeability of the 
Unsaturated Zone 0 1 2 0  1 3 3 

Physical State 1 1 3 

Total Route Characteristics Score 4 15 

3 
Containment 1 3 3 3.3 

waste Characteristics 3.4 
ToxicityIPersistence 0 3 6 9 12 15 18 1 18 

Hazardous Waste 0 1 2 3 4 5 6 7 8  1 
Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

 round water use 0 0 2  3 3 3 9 

Distance to Nearest @ 4 6 8 10 1 0 40 
WelVPopulation 12 16. 18 20 
Served 24 30 32 35 40 

Total Targets Score 3 49 

61f line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 936 57,330 
- - 

7 
Divide line 6 by 57,330 and multiply by 100 S, = 1.63 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 
Facility Slope and 

Intervening Terrain 0 1 2 0  

1-yr. 24-hr. Rainfall 0 0 2  3 

Distance to Nearest 
Surface Water 0 1 2 0  

Physical State 0 0 2  3 

Total Route Characteristics Score 11 15 

3 
Containment 0 1 2 0  1 3 3 4.3 

Waste Characteristics 4.4 
0 3 6 9 12 15 18 1 Toxicity/Persistence 18 

Hazardous Waste 0 1 2 3 4 5 6 7 8  1 8 
Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 
Surface Water Use @ 1 2 3 3 0 9 - 
Distance to a Sensi- 

tive Environment Q 1 2 3 

Population Servedl 4 6 8 10 1 0 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply I x 4 x s 
If line 1 is 0, multiply 2 x 3 x 4 x 5 64,350 

7 
Divide l i e  6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 5.1 

Date and Location: 

Sampling Protocol: 
- 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

waste Characteristics 5.2 
Reactivity and 

Incompatibility , 0 1 2 3  1 3 

Toxicity 0 1 2 3  3 9 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 8  1 8 

Total Waste Characteristics Score 20 

Targets 5.3 

Population Within 0 9 12 15 18 1 30 
4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  2 6 
tive Environment 

Land Use 0 1 2 3  1 3 

Total Targets Score 39 

4 ~ u l t i p l y  1 x 2 x 3 35,100 

' ~ i v i d e  line 4 by 35,100 and multiply by 100 Sa = o  



HRS SCORE FOR 

RAINIER MESA UlZi, j, k MUCK PILES 



APPENDIX 2.3 .AS  
HRS WORKSHEETS 

U12e MUCK PILESIPONDS 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 

waste Characteristics 7.2 
Direct Evidence 3 1 0 3 

Ignitabitity 1 0 3 

Reactivity 1 0 3 

Incompatibility 1 0 3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 Q  1 8 8 

Total Waste Characteristics Score 8 20 

Targets 7.3 

Distance to Nearest 0 1 0 3  4 5 1 2 5 
Population 

Distance to Nearest @1 2 3 1 0 3 
Building - 

Distance to Sensitive @ 1 2 3 1 0 3 
Environment 

Land Use 0 0 2  3 1 1 3 

Population Within 0 1 0 3  4 5 1 2 5 
2-Mile Radius 

Buildings Within 0 0 2  3 4 5 
2-Mile Radius 

Total Targets Score 6 24 

4 
Multiply 1 x 2 x 3 48 1,440 

'~ ivide  line 4 by 1,440 and multiply by 100 SF, = 3.33 



DIRECT CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  45 8.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

L 
Accessibility 

3 
Containment 0 @ 1 15 15 8.3 

waste Characteristics 8.4 

Toxicity 0 1 2 0  5 15 15 

Targets 8.5 

Population Within 0 1 0 3  4 5 4 8 20 
a 1-Mile Radius 

Distance to a @ 1  2 3 
Critical Habitat 

Total Targets Score 8 32 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

~f line 1 is 0, multiply 2 x 3 x 4 x 5 5,400 21,600 

7 
Divide line 6 by 21,600 and multiply by 100 SDC = 25.0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Depth to 'Aquifer 

of Concern 0 1 2 3  

Net Precipitation 8 0 1 2 3  

Permeability of the 
Unsaturated Zone 0 1 2 8  1 3 3 

Physical State 0 1 2 3  1 3 3 

Total Route Characteristics Score 6 15 

3 
Containment 0 1 2 0  1 3 3 3.3 

waste Characteristics 3.4 
ToxicitylPersistence 0 3 6 9 12 15 18 1 18 

Hazardous Waste 0 1 2 3 4 5 6 7 8  1 
Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 0 2  3 3 3 9 
Distance to Nearest @ 4 6 8 10 1 0 40 

WelVPopiAation 12 16 18 20 
Served 24 30 32 35 40 

Total Targets Score 3 49 

61f line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 1,404 57,330 

,7 
Divide line 6 by 57.330 and multiply by 100 sgW = 2.44 



SURFACE WATER ROUTE WORK SHEET 
-- 

Assigned Value Multi- Max. ReL 
Rating Factor (circle one) ptier Score Score (Section) 

1 
Observed Release 45 1 0  45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

' ~ o u t e  Characteristics 4.2 

Facility Slope and 
Intervening Terrain 0 1 2 0  1 3 3 

1-yr. 24-hr. Rainfall 0 0 2  3 1 1 3 

Distance to Nearest 
Surface Water 0 1 0 3  2 4 6 

Physical State 0 1 2 0  1 3 3 

Total Route Characteristics Score 11 15 

3 
Containment 0 1 2 0  1 3 3 4.3 

waste Characteristics 4.4 

Toxicity/Persistence 0 3 6 9 12 15 18 1 26 18 
Hazardous Waste 0 1 2 3 4 5 6 7 8  1 8 

Quantity . 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 
Distance to a Sensi- 

tive Environment 8 1 2  3 2 0 6 

population Servedl 0 4 6 8 10 1 0 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 



AIR ROUTE WORK SHEET 

Rating Factor 
Assigned Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score (Section) 

1  
Observed Release 45 1 0  45 5 .1  

Date and Location: 

Sampling Protocol: 

If line 1  is 0, the Sa = 0.  Enter on line 5. 

If line 1  is 45, then proceed to line 2. 

2  
Waste Characteristics 

Reactivity and 
Incompatibility 0 1 2 3  

Toxicity 0 1 2 3  3  

Hazardous Waste 
Quantity 0 1 2 3 , 4 5 6 7 8  1 

Total Waste Characteristics Score 20 

Targets 
Population Within 0  9  12 15 18 

4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  
tive Environment 

Land Use 0 1 2 3  

Total Targets Score 39 

5  
Divide line 4  by 35,100 and multiply by 100 Sa = o  



HRS SCORE FOR 
U12e I\?UCK PILESIPONDS 

Ssw = 0 



APPENDIX 2.3.A.6 
HRS WORKSHEETS 

U12T - MIGHTY OAK TEST 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 

waste Characteristics 7.2 
Direct Evidence 3  1  0  3  

Ignitability 0 1 2 3  1  0  3  

Reactivity 0 1 2 3  1  0  3  

Incompatibility 8 0 1 2 3  1  0  3  

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 8 20 

Targets 7.3 

Distance to Nearest 0  1  2 0  4  5 1  3  5  
Population 

Distance to Nearest OW 2 3  
Building - 

Distance to Sensitive @ 1 2 3 1  0  3  
Environment 

Land Use 0 1 0 3  1 2 3 

Population Within 0 1 3  4  5  
2-Mile Radius 

Buildings Within 0 0 2  3  4  5 
2-Mile Radius 

Total Targets Score 9 24 

4  
Multiply 1 x 2 x 3  72 1,440 

' ~ i v i d e  line 4  by 1.440 and multiply by 100 sFE = 5.0 



DIRECT CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 1 45 45 8.1 

If observed release is given a score of 45, proceed to line 4.  

If observed release is given a score of 0, proceed to line 2. 

Accessibility 0 1 2 3  1 3 8.2 

waste Characteristics 8.4 

Toxicity 0 1 2 0  5 15 15 

'Targets 8.5 

Population Within 0 l a 3  4 5 4 8 20 
a 1-Mile Radius 

Distance to a 
Critical Habitat 

@ I  2 3 

Total Targets Score 8 32 

61f line 1 is 45, multiply 1 x 4 x 5 

IF b e  1 is 0, multiply 2 x 3 x 4 x 5 5,400 21,600 

7 
Divide line 6 by 21,600 and mu1tlply by 100 SDC = 25.0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Depth to Aquifer 

of Concern @I 2 3 

Net Precipitation @ 1 2 3 

Permeability of the 
,aturate, zone o 1 2 8  

Physical State 0 1 2 3  

Total Route Characteristics Score 6 15 

3 
Containment 0 1 2 0  1 3 3 3.3 

Waste Characteristics 3.4 
ToxicityJPersisteqce 0 3 6 9 12 15 @ 1 18 18 

Hazardous Waste 0 1 2 3 4 5 6 - 7 w  1 8 8 
Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 
Ground Water Use 0 0 2  3 3 3 9 

Distance to Nearest a 4 6 8 10 1 0 40 
WeWPopulation 12 16 18 20 
Served 24 30 32 35 40 

Total Targets Score 3 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 1,404 57,330 

7 
Divide line 6 by 57,330 and multiply by 100 S, = 2.45 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 
Facility Slope and 

Intervening Terrain 0 1 2 0  - 
1-yr. 24-hr. Rainfall ' OW 2 3 

Distance to Nearest 
Surface Water 0 1 0 3  2 4 6 

Physical State 0 1 2 0  1 3 3 

Total Route Characteristics Score 11 15 

3 
Containment 0 1 2 0  1 3 3 4.3 

Waste Characteristics 4.4 
Toxicity/Persistence 0 3 6 9 12 15 18 1 26 18 
Hazardous Waste 0 1 2 3 4 5 6 7 8  1 .  

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 

Distance to a Sensi- 
tive Environment 0 1 2 3 2 0 6 

Population Sewed/ 8 0 4 6 8 1 0  1 o 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

61f line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

7 
Divide l i e  6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 1 45 45 5.1 

Date and Location: 
- - 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

Waste Characteristics 
Reactivity and 

Incompatibility a1 2 3 

Toxicity 0 1 2 0  

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 17 20 

Targets 5.3 
Population Within 0@12 15 18 1 9 30 

4-Mile Radius 21 24 27 30 

Distance to Sensi- @1 2 3 2 0 6 
tive Environment 

Land Use 0 1 0 3  1 2 3 

Total Targets Score 11 39 

4 
Multiply 1 x 2 x 3 8,415 35,100 

'~ivide line 4 by 35,100 and multiply by 100 sa = 23.97 



HRS SCORE FOR 
U12t - MIGHTY OAK TEST 
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SECTION 2.4 

COVER SHEET 

NAME OF SITE: Shoshone Mountain, Nevada Test Site 

LOCATION: Area 16 of the NTS. The muck pile is located at 116"11145"W 
longitude and 37"00f45"N latitude. 

DISPOSITION: The U16a muck pile is wholly located within the bounds of the 
U.S. DOE'S Nevada Test Site. 



PRELIMINARY ASSESSMENT REPORT 

SHOSHONE MOUNTAIN AREA, NEVADA TEST SITE 

INTRODUCTION 

Shoshone Mountain (Tunnel Complex U16) was the site of six announced un- 
derground nuclear tests, all of less than 20 kt. Containment was not always complete 
and radiation was detected both on-site and off-site for several of the tests. 

As a result of testing, contaminated rock and waste material were buried in the 
muck pile (mine tailings) at the tunnel portals. This Preliminary Assessment ad- 
dresses two sites, the first being a representative underground nuclear test and the 
second being the contaminated material buried within the muck pile at the tunnel 
portals (U16a muck pile). 

Little hydrologic information was available as this area of the NTS has not been 
extensively studied. 

OVERALL FACILITY DESCIUF'TION 

The U16a area is on the southwestern side of Yucca Flat in Area 16 of the NTS 
(see Figure 2.4.1) at the base of Shoshone Mountain. The tunnel area is at an eleva- 
tion of approximately 5,400 ft. The site was used for underground weapons testing in 
the 1960's and early 1970's. The facility consists of nine abandoned tunnel portals 
and a muck pile with radioactive debris believed to be buried within the pile. As at 
the muck piles of Area 12, it is believed that the radioactive debris (at less than 0.3 
mRlhr) has been covered with 10 ft of clean (non-radioactive) material in a layered 
manner. 

ENVJRONMENTAZ, SETIWG 

The site is wholly contained within the NTS. No federally-listed threatened or 

endangered species are known to exist on the NTS. 

HYDROGEOLOGIC SUMMARY 

Sparse data are available on the hydrogeologic setting of the specific area near 
U16a. The Shoshone Mountain complex consists of tuffaceous rocks of Tertiary age. 
As at Rainier Mesa, a perched system is evident at an elevation of 5,200 ft. This 





perched system is evidenced by the existence of Tippipah Springs 2 mites north of the 
site. The spring is a low volume spring (less than 5 gpm) discharging from a contact 
area of zeolitic tuff.? This perched system is not utilized for human consumption, but 
does provide water for fauna on the NTS. 

Beneath this perched zone, ground water is generally found at a significant 
depth (at least 1,000 ft) in either tuffaceous or carbonate rocks. These aquifers are 
utilized on the NTS for human consumption. Direction of ground-water flow in these 
deeper aquifers beneath the site is unknown, but test well data to the north suggests a 

gradient to the east and south. 

Precipitation or evaporation measurements are not currently available directly 
at the site. The annual precipitation in Yucca Flat to the east is 4.5 in/yr,j while pan 
evaporation likely exceeds 70 to 80 inIyr.1 Intense thunderstorms are not uncommon. 

HUMAN RECEPTORS 

Few, if any, workers are permanently assigned to facilities within a four-inile 
radius. An aggregate plant (Shaker Plant) is located 5 miles to the northeast. This 
area may employ at any one time no more than 100 persons. The closest water well 
(Water Well A) is located 9 miles to the east. No buildings normally housing workers 
are believed to be within 2 miles of the site. 

ENVIRONMENTAL RECEPTORS 

As with sites at Area 12, environmental receptors, such as deer, wild horses, and 
other desert flora and fauna, are expected to be present at or near the site. This site 
is not fenced to preclude entry. 

HISTORY 

The Area 16 tunnels were used for Department of Defense testing. Six an- 
nounced tests were conducted within the tunnels. Based upon NVO-2092, releases of 
radioactivity occurred during or after these tests. These releases were in the form of 
gaseous radionuclides. Radionuclide contaminant material removed during 
mineback after tests was disposed of in the muck pile at the tunnel portal. Contami- 
nated material is also expected to be present within the tunnel complex. 

WASTE GENERATION AND DISPOSAL 

Disposal of radioactive material (rock, equipment, and debris) was accom- 
plished by burial within the muck pile at the tunnel portal. This material is believed 



to have activities less than 0.3 mR/hr and to be covered with 10 ft of clean (non-con- 

taminated) rock and debris. 



SITE SPECIFIC DESCRIPTION 

Name of Site - U16a Double Play Test 

Location - see Figure 2.4.1. 

HISTORY 

Six announced underground nuclear tests were conducted in the Shoshone 
Mountain tunnel complex. Several of these tests vented radioactive gases to the 
atmosphere.2 This preliminary assessment covers only one test, Double PIay Test. 
This test was conducted on June 15, 1966 and had a yield of less than 20 kt. Radioac- 
tivity was detected off-site following this test. Data was not presented in Reference 2 

as to concentrations or radionuclides detected. 

WASTE GENERATION AND DISPOSAL 

Based upon a maximum test size of 20 kt, 60 x 10'0 Ci of radioactivity could be 
expected to have existed at the detonation point 1 minute after detonation. Much of 
this radioactivity was in the form of short-lived radionuclides and activity present 
within the tunnel today is expected to be well below this level. 

KNOWN RELEASES 

The test released radioactivity either at shot time or during subsequent 
mineback activities. This radioactivity was detected beyond the boundaries of the 
NTS r 

POTENTIAL FOR DIRECT CONTACT OR FIlWEXPLOSION HAZARD 

The site is wholly within the boundaries of the NTS. The status of final site 
closure was not determined during this investigation, however, based upon photo- 
graphic and visual inspection of tunnel portals, it appears that the complex has been 
sealed to prevent entry of humans or animals. Due to the dispersed nature of radio- 
activity within the shot cavity, it is not anticipated that the potential for fire or explo- 
sion exists today. 

PO- FOR GROUND-WATER RELEASE 

Due to the size of the test, it is not anticipated contamination of the underlying , 

perched ground water occurred at the time of detonation. Although direct evidence is 



not available as to the depth to the perched water system, the location and elevation 
of Tippipah Springs to the north suggests that the depth to the perched system may be 
200 ft. The vadose zone consists of tuffaceous rocks which can be highly permeable 
when fractured. 

NUMBER OF WELLS WITHIN A FOUR-MILE RADIUS 

There are no supply wells within 4 miles of the site. 

POTENTIAL FOR SURFACE WATER RELEASE 

The closest ephemeral stream to the tunnel portal is 0.7 miles to the east-north- 
east. The intervening terrain has an average slope of 13.5 percent. Since the remain- 
ing contaminants are believed to be contained in the shot cavity within the tunnel, the 
possibility of migration via surface water is unlikely. 

POTENTIAL FOR AIR RELEASE 

The test produced measurable radioactivity in the air beyond the site bounda- 
ries.2 The possibility for further air release is unlikely due to the depth within the 
tunnel at which the shot cavity exists. It was not determined during this phase of 
study as to what measures have been taken to adequately seal the shot cavity area, 
however. No buildings or workers are believed to presently be using the area within a 
four-mile radius of the site. 

THREATS TO FOOD CHAIN AND ENVIRONMENT 

Due to the location of the shot cavity within the tunnel complex, it is not antici- 
pated that plausible threats to the food chain or environment exist from the cavity. 

CONCLUSION AND RECOMMENDATIONS 

The preliminary migratory HRS score for this site was 2.26. Direct contact and 
firelexplosion scores were 0.0 and 0.56, respectively. 

It is recommended that data be reviewed as to what sealing techniques have 
been employed to eliminate the possibility of radionuclides from migrating to the 
tunnel portal and subsequently to the environment. Additional data on the occur- 

rence of perched ground water in the area is also necessary to better quantify the 



possibility of migration from the shot cavity to the water table and subsequently to 
Tippipah Springs. Monitoring of Tippipah Springs for radionuclides should also 

continue 

Based upon these additional data, final site closure plans may be developed. 



SITE SPECIFIC DESCRIPTION 

Site Name - U16a Muck Pile. 

Site Location - see Figure 2.4.1. 

HISTORY 

See Overall Facility History. 

WASTE GENERATION AND DISPOSAL 

Contaminated waste rock, debris, and perhaps equipment are believed to be 
buried within the muck pile. The muck pile volume has not been measured, but likely 
exceeds 3,000 yds 3. The amount of buried radioactive and type of radioactivity is not 
quantified. 

KNOWN RELEASES 

Releases of radioactive gases were detected in three of the six tests conducted. 
One of these tests resulted in radioactivity being detected off-site.* No known inves- 
tigations were conducted for migration from the muck piles. 

POTENTIAL FOR DIRECT CONTACT OR FIRElEXPLOSION HAZARD 

Due to the dispersed nature and low level of the radioactivity in the muck pile, it 
is not anticipated that a fire or explosion hazard exists. 

It is believed that the waste is buried beneath at least 10 ft of clean material. 
The potential for direct contact is therefore limited to plant uptake (and subsequent 
dispersal) or exposure of the waste due to erosion. The site is not fenced, however, 

. security and radiological safety monitoring of workers are strictly enforced on all 
persons working or visiting the NTS. 

POTENTIAL FOR. GROUND-WATER RELEASE 

Although direct evidence is not available to support the presence of a perched 

water table beneath the site, the existence of Tippipah Springs to the north suggests 
that one exists. The elevation of the muck pile is approximately 5,400 ft, while the 
spring elevation is approximately 5,200 ft. The vadose zone beneath the muck pile 
will be assumed to be 200 ft. The vadose zone consists of tuffaceous rocks which can 
be highly permeable where fractured. 



The potential for migration to the perched water system is limited due to the low 
precipitation at the site. Inspection of the muck pile showed limited vegetation had 
returned to cover the pile, further reducing the possibility of deep infiltration. Some 
downward flux of precipitation may be occurring due to the potential for ponding of 
water on the muck pile top, however. 

NUMBER OF WELLS WTI'HIN A FOUR-MILE RADIUS 

The possibility of release to the deeper aquifers used for production on the NTS 
is remote. There are no water wells within 4 miles of the site.. 

POTENTIAL FOR SURFACE WATER RELEASE 

No perennial streams exist on the NTS. The closest ephemeral stream is 0.7 

miles to the east-northeast. The slope of the muck pile is flat on top with steeply- 
sloping sides typical of mine tailings. The intervening terrain has an average slope of 
13.5 percent. 

POTENTIAL FOR AIR RELEASE 

Since the waste is covered, the potential for air release is limited to uptake and 
subsequent dispersal by deep-rooted plants. 

THREATS TO FOOD CHAIN AND ENVIRONMENT 

Threats to the food chain may exist if uptake of radionuclides by plants is shown 
to occur at the site. Receptors include both small animals (mice, etc.) and deer. No 
hunting is permitted on the NTS. 

CONCLUSION AND RECOMMENDATIONS 

The HRS migratory score was 1.88. S ~ c w a s  0.0 and S m w a s  0.56. Additional 

data is required on the site both in terms of waste quantity and type and underlying 
ground-water conditions during the remedial investigation phase. 
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APPENDIX 2.4.A.l 
ER$ WORKSHEETS 

U16a TEST (DOUBLE PLAY) 



FIRE AND EXPLOSION WORK SHEET 
- - 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 0 3  1 1 3  7.1 

waste Characteristics 7.2 
Direct Evidence @ 3 1 0  3  

Ignitability @ 1 2  3  1 0 3 

Reactivity a1 2  3  1 0  3 

Incompatibility 1 2  3  1 0 3  

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 @  1  8 8 

Total Waste Characteristics Score 8 20 

Tareets 7.3 - 
Distance to Nearest @ 1 2  3 4  5 1 0  5 

Pouulation 

Distance to Nearest @ 1 2  3 1 0  3 
Building 

Distance t o  Sensitive @ 1 2  3  1 0  3 
Environment 

Land Use 

Population Within @ 1 2  3 4  5 
2-Mile Radius 

Buildings Within a 1 2 3 4 5  1 0  5 
2-Mile Radius 

Total Targets Score 1 24 

4  
Multiply 1 x 2  x 3 

5 
Divide line 4  by 1,440 and multiply by 100 s,, = 0.56 



DIRECT CONTACT WORK SHEET 

Rating Factor 
Assigned Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score (Section) 

1 
Observed Release 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

3 
Containment 

waste Characteristics 

Toxicity 0 1 2 0  

Targets 

Population Within @ 1 2 3 4 5 
a 1-Mile Radius 

Distance to a @ 1 2  3 
Critical Habitat 

Total Targets Score 0 32 

6 ~ f  line 1 is 45,  multiply 1 x 4 x 5 

I f l i n e l i s O , r n u l t i p l y 2 ~ 3 ~ 4 ~ 5  

7 
Divide line 6 by 21,600 and multiply by 100 SDC = 0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) piier Score Score (Section) 

1 
Observed Release @ 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 3.2 
Depth to Aquifer 

of Concern 1 2  3 2 0 6 

Net Precipitation @ 1 2 3 1 0 3 

Permeability of the 
Unsaturated Zone 0 1 2 0  I 3 3 

Physical State 0 0 2  3 1 1 3 

Total Route Characteristics Score 4 15 

3 
Containment 

waste Characteristics 3.4 
ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 

Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 
Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 1 @ 3 3 6 9 

Distance to Nearest @ 4 6 8 10 1 0 40 
WelYPopulation 12 16 18 20 
Served 24 30 32 35 40 

8 

Total Tareets Score 6 49 
- -  - - 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

. ~f line 1 is 0, multiply 2 x 3 x 4 x 5 1,872 57,330 

7 
Divide line 6 by 57,330 and multiply by 100 S, = 3.26 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release @ 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

.. 

2 ~ o u t e  Characteristics 4.2 
Facility Slope and 

Intervening Terrain 0 1 2 0 1 3 3 

1-yr. 24-hr. Rainfall 0 0  2 3 1 1 3 

Distance to Nearest 
Surface Water 0 1 0 3  

Physical State 0 0 ' 2  3 

Totat Route Characteristics Score 9 15 

3 
Containment @ 1 2  3 1 0 3 4.3 

waste Characteristics 4.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 1 8 
Hazardous Waste 0 1 2 3 4 5 6 7 @  1 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 
Surface Water Use @ 1 2 3 3 0 9 
Distance to a Sensi- 

tive Environment @ 1 2 3 2 0 6 

Population Servedl 0 4 6 8 1 0  1 0 40 a Distance to Water 16 18 20 
Intake Downstream 24 30  32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

7 
Divide line 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 (3 2 45 45 5.1 

Date and Location: 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed t o  line 2. 

waste Characteristics 5.2 
Reactivity and 

Incompatibility @ 1 2 3 1 0 3 

Toxicity 0 1 2 0  3 9 9 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 17 20 

Targets 5.3 

Population Within @ 9 12 15 18 1 0 30 
4-Mile Radius 21 24 27 30 

Distance to Sensi- @ 1 2 3 2 0 6 
tive Environment 

Land Use 0 0 2  3 1 1 3 

Total Targets Score 1 39 

4 
Multiply 1 x 2 x 3 765 35,100 

5~ iv ide  line 4 by 35,100 and multiply by 100 sa = 2.18 



HRS SCORE FOR 
U16a TEST (DOUBLE PLAY) 

Sgw = 3.26 

Ssw = 0 

Sa . =  2.18 



APPENDIX 2.4.A.2 
HRS WORKSHEETS 
U16a MUCK PILE 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 

2  
Waste Characteristics 7.2 

Direct Evidence @ 3 1  0  3  

Ignitability 2  3 1 0  3  

Reactivity a1 2 3  

Incompatibility @ 1 2  3  

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1  8 8 

Total Waste Characteristics Score 8 20 

Targets 7.3 

Distance to Nearest @ 1 2  3  4  5 1  0  5  
Population 

Distance to Nearest @ 1 2  3  
Building 

Distance to Sensitive @ 1 2 3 1 0  3  
Environment 

Land Use 0 0 2  3  1  1  3 

Population Within @ 1 2  3  4  5 1  0  5  
2-Mile Radius 

Buildings Within ( 3 1 2 3 4 5  1  0  5  
2-Mile Radius 

Total Targets Score . . 1 24 

4 
~ u l t i p l y  1  x 2 x 3 8 1,440 

5  
Divide line 4  by 1,440 and multiply by 100 s,, = 0.56 



DIRECT CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release @ 45 1 0  45 8 .1  

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

3 
Containment 

waste Characteristics 8.4 

Toxicity 0 1 2 0  5 15 15 

Targets 8.5 

Population Within @ 1 2 3 4 5 4 0 20 
a 1-Mile Radius 

Distance to a a1 2 3 
Critical Habitat 

Total Targets Score 0 32 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 

7 
Divide line 6 by 21.600 and multiply by 100 SDc = 0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release @ 45 1 0  45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Depth to Aquifer 

of Concern a 1 2  3. 

Net Precipitation a 1 2 3 
Permeability of the 

Unsaturated Zone 0 1 2 0  

Physical State 0 0 2  3 

Total Route Characteristics Score 4 15 

3 
Containment 0 1 2 0  1 3 3 3.3 

waste Characteristics 3.4 
ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 

Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 
Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 1 @ 3 3 6 9 

Distance to Nearest 4 6 8 10 1 0 40 
WeWPopulation 12 16 18 20 
Served 24 30 32 35 40 

Total Targets Score 6 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 1,872 57.330 

I 
Divide line 6 by 57,330 and multiply by 100 S, = 3.26 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release @ 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 4.2 
$acility Slope and 

Intervening Terrain 0 1 2 0 1 3 3 

1-yr. 24-hr. Rainfall 0 0  2 3 1 1 3 

Distance to Nearest 
Surface Water 0 1 0 3  

Physical State 0 0 2  3 

Total Route Characteristics Score 9 15 

3 
Containment 0 1 2 0  1 3 3 4.3 

Waste Characteristics 4.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 
Hazardous Waste 0 1 2 3 4 5 6 7 B  1 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 
Surface Water Use @ 1 2 3 3 0 9 

Distance to a Sensi- 
tive Environment a 1 2 3 

Population Served/ 0 4 6 8 1 0  s 1 0 
40 

Distance to Water 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0. multi~lv 2 x 3 x 4 x 5 0 64.350 

I 
Divide line 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 
- 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release @ 45 1 0 45 5.1 

Date and Location: 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 

Reactivity and 
Incompatibility 0 1 2 3  

Toxicity 0 1 2 3  3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 8  1 

Total Waste Characteristics Score 20 

Targets 5.3 

population Within 0 9 12 15 18 1 30 
4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  2 6 
tive Environment 

Land Use 0 1 2 3  1 3 

Total Targets Score 39 

' ~ iv ide  line 4 by 35,100 and m"ltiply by 100 Sa = o  



HRS SCORE FOR 
U16a MUCK PILE 
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SECTION 2.5 

COVER SHEET 

NAME OF SITE: Pahute Mesa, Nevada Test Site, Nevada 

LOCATION. The area of concern on Pahute Mesa is located between the 
coordinates of 116"301 to 116O15'W and 37"15' to 37"001N. 
This area lies entirely within the Nevada Test Site and the Nellis 
Air Force Bombing and Gunnery Range. 

DISPOSITLON: Since 1979, the Nevada Test Site has been under the direct con- 
trol of the U.S. Department of Energy (DOE). From 1975 to 
1979, the site was under the control of the Energy Research and 
Development Administration, prior to 1975, the test site was 
under the jurisdiction of the Atomic Energy Commission. 



PRELIMINARY ASSESSMENT REPORT 
PAHUTE MESA, NEVADA TEST SITE 

Pahute Mesa is an elevated plateau in Nye County, Nevada, about 130 miles 
northwest of Las Vegas. The portion of the mesa contained within the NTS has been 
used extensively for subsurface and deep underground tests of nuclear explosives. 

OVERALL FACILITY DESCRIPTION 

About 200 miles2 of the eastern part of Pahute Mesa make up most of Areas 19 
and 20 in the northwest corner of the NTS (Figure 2.5.1.). 

ENVIRONMENTAL SElTING 

Topographically, the mesa is an area of relatively low relief, with altitudes rang- 
ing from 5,500 to 7,000 ft above sea level. The landscape is typical of the Great 
Basin Desert, with sagebrush, pinyon pine, and juniper being the dominant plant 
species. 

All land within about 20 miles of Pahute Mesa is part of either the NTS or the 
Nellis Air Force Range and is used only for NTS projects and military training. 
Before its removal from the public domain, the region had minimal use for mining 
and grazing. The lack of available water limits more extensive human uses of the 
land. 

The closest sensitive environments are a National Wildlife Refuge and the Dev- 
il's Hole section of Death Valley National Monument in Ash Meadows, about 60 
miles south of Pahute Mesa. Devil's Hole is the home of the entire population (about 
200) of the Devil's Hole pupfish (Cyprinodon diabolis), an endangered species. 

None of the plants and animals that liveson the NTS are currently listed or 
officially proposed for listing as endangered or threatened under the Endangered 
Species Act of 1973. 



FIGURE 2.5.1. Location of Pahute Mesa Area of NTS. 



HYDROGEOLOGIC SUMMARY 

There are no permanent bodies of water on Pahute Mesa. The only surface 
water comes in the form of intermittent streams that flow only during and soon after 
the infrequent intense storms. Precipitation that falls on the northern part of Pahute 
Mesa drains into playas in Kawich Valley and Gold Flat to the north; precipitation 
that falls on the southern part drains into Fortymile Canyon and eventually into the 
Amargosa Desert to the south. 

Because Pahute Mesa has been used extensively for underground nuclear tests, 
its subsurface geology and hydrology have been thoroughly studied. Data from 19 

test holes were summarized by Blankennagel and Weir', and most of the information 
which follows was taken from their report. However, the authors caution that the 

data are complex and offer "cotlsiderable latitude for interpretation of underflow 
beneath Pahute Mesa, ground-water velocity ranges, and discharge in nearby areas." 

The major subsurface feature of the eastern part of Pahute Mesa is a deep struc- 
tural depression called the "Silent Canyon caldera." The caldera is made up of a 
variety of Tertiary volcanic rocks, primarily ash-flow and ash-fall tuffs, and is more 
than 13,000 ft thick in some places. The depth of the water table varies from 1,950 ft 
to 2,350 ft in the caldera, but decreases to around 850 ft outside the caldera in the 
extreme northwest corner of the NTS. 

The permeability of the rock is generally low, and ground-water movement is 
primarily through fractures in the rock. Because of the difficulty in obtaining accu- 
rate porosity data, estimates of ground-water flow rates vary over two orders of 
magnitude, from 5 to 250 ft/year. The total flow of ground water beneath Pahute 
Mesa is estimated to be about 8,000 acre-ft/year, of which 5,500 acre-ft enters the 
ground-water system from Gold Flat and KawichValley to the north. The remainder 
is recharge from the precipitation (average 8 to 12 inlyear) that falls on Pahute Mesa. 

Ground-water flow is generally south and southwest to the Oasis Valley, about 
20 miles away. Water from Pahute Mesa is discharged here and to the west of the 
Ash Meadows area and, therefore, poses no threat to the sensitive habitats there. 



HUMAN RECEPTORS 

There are no permanent human populations anywhere on Pahute Mesa. The 
closest daytime worker population is located at the Area 20 base camp. The work 
force population is estimated at less than 1,000. The closest inhabited area is the 
Area 12 Support Camp, which is about 8 miles to the east and has a population of 
several hundred NTS workers during the day. The nearest towns are Beatty to the 
southwest and Scotty's Junction to the west, both of which are about 30 miles away 
and have populations of less than 1,000. 

Pahute Mesa is still used for nuclear testing, and small populations of workers 
are present in the area when preparations for a test are underway. 

The water distribution system on the NTS includes 16 supply wells, two of which 
(Well U19c in Area 19 and the Area 20 water well) are on Pahute Mesa. Water from 
these wells is sampled monthly to monitor levels of radioactivity.' 

ENVIRONMENTAL RECEPTORS 

Pahute Mesa receives more rainfall than the southern part of the NTS, and it 
therefore supports larger wildlife populations. The plants and animals of the mesa 
are those typical of higher elevations of the Great Basin Desert. 

HISTORY . 

Pahute Mesa was added to the NTS in 1963 to provide an area in which deeper 
underground tests could be conducted than were feasible in other parts of the NTS. 
A total of 66 announced nuclear tests were carried out there between April 1965 and 
December 19868; twenty-eight of these were in Area 19 and 38 were in Area 20. 

All of the nuclear tests conducted on Pahute Mesa have been underground. 
Three tests (Schooner, Palanquin, and Cabriolet) were cratering experiments involv- 
ing detonations near the surface as part of the Plowshare program. These were the 
only Pahute Mesa tests that released significant amounts of radioactivity into the 
atmosphere. 

Most of the tests conducted on Pahute Mesa were weapons related, and detailed 
information about them is not readily available. The two site descriptions which 
follow are therefore not as complete or as well-documented as would be desirable. 

WASTE GENERATION AND DISPOSAL 



The two nuclear tests described are both estimated to have generated approxi- 
mately 101' Ci of radioactivity 1 min after detonation.3 The shallow depth of em- 
placement design of the three Plowshare tests resulted in significant amounts of ra- 
dioactivity being released to the atmosphere. All other events on Pahute Mesa were 
much deeper and are thought to have been completely contained underground. The 
Cheshire event resulted in substantial ground-water contamination that may eventu- 
ally migrate off-site. 

OVERALL SITE? AND HAZARD ASSESSMENT 

Because of the remoteness of Pahute Mesa and the complete containment of the 
tests now conducted there, the radionuclides do not appear to present a significant 
hazard from migration by air, surface water, or ground water. The highest score at 
Pahute Mesa was Cheshire, which scored an Sm of 25.95. This high score is due to 
the nearness of the Cheshire site to Water Well U20a, less than one-half mile away. 



SITE SPECIFIC DESCRIPTION - PALANQUIN 

Name of Site - Palanquin 

Location - The Palanquin ground zero (GZ) was at Nevada Grid Coordinates 
N921074, E541638 in the northwest corner of the NTS Figure 2.5.1). 

HISTORY 

The Palanquin event involved the explosion of a 4.3 kt nuclear device buried 
near the surface (exact depth not available). The device was detonated on April 14, 
1965. Designed as a cratering experiment, the event was successful in that it pro- 
duced a deep crater and ejected a considerable amount of rock (including many large 
boulders) onto the surface around the GZ. 

WASTE GENERATION AND DISPOSAL 

A nuclear explosion the size of the Palanquin event would be expected to pro- 
duce about 1011 curies of radioactivity at 1 minute after detonation? An unknown 
amount of this radioactivity was distributed onto the surface around the GZ and 
along a plume extending north from the GZ, and into the atmosphere. Radioactivity 
from Palanquin was detected off the NTSa, but reports documenting this are not 
available. 

A study of the Palanquin area by the Radionuclide Inventory and Distribution 
Program in 1983 showed the following amounts of radioactivity in the surface soil: 
34 Ci of =+240h, 14 Ci of =8Pu, 13 Ci of 241Am, 8.4 Ci of ~ C O ,  and 4.8 Ci of 137Cs, 
plus smaller amounts of other man-made radionuc1ides.e 

KNOWN RELEASES 

As stated above, the Palanquin event did release radiation to the atmosphere 
which was detected off the NTS. Soil contamination associated with fallout from the 
event extended northward from GZ. 

POTENTIAL FOR DIRECT CONTACT OR FBEdEXPLOSION HAZARD 

Access to the crater around the Palanquin GZ and the contaminated area ex- 
tending north of the crater is not restricted. However, this area is in an extremely 
remote part of the NTS, and only those few NTS workers with a legitimate reason for 



visiting the site would be likely to come in contact with any contaminated material. 
The entire NTS is off limits to the public, and all NTS workers are closely monitored 
for radiation exposure through the wearing of film badges. 

The waste characteristics and quantity of radionuclides produced by a nuclear 
test are described in the introduction. The closest population and permanent struc- 
tures are approximately 5 miles away at the Area 20 support camp. Sensitive envi- 
ronments do not exist at Pahute Mesa and the land use is military and industrial. 

From this evidence, there is not a potential hazard from fire and explosion. Direct 
contact potential is believed limited to plant and animal species. 

POTENTIAL FOR GROUND WATER RELEASE 

Because of the relatively low precipitation on Pahute Mesa and the great depth 
to the water table, contamination of the ground water from the Palanquin event is 
unlikely. 

There has not been an observed release of contaminants to the ground water 
from the Palanquin site. The depth to the aquifer is a minimum of 850 ft, the net 
precipitation is estimated as -50 inlyear, the permeability of the unit is unknown, but 
assumed to be small, and the radionuclides are solid and unconsolidated as they are 
sorbed into soil particles. The waste is uncontained except for the great depth to 
water which acts as a geologic barrier. Ground water is not currently used within 3 
miles of the Palanquin site, however, there is a potential for future use. 

NUMBER OF WEW WITHIN A FOUR-MILE RADIUS 

Two water supply wells for the NTS are located on Pahute Mesa. The distances 
to the closest well (Area 20 water well) to GZ is 5.8 miles. As stated earlier, these 
wells are sampled monthly to monitor levels of radioactivity. 

POTENTIAL FOR SURFACE WATER RELEASE 

No permanent surface water exists on the mesa, but occasional heavy rain- 
storms do cause flooding and could result in the transport of contaminated soil off 
the NTS. No data concerning the frequency of such floods on Pahute Mesa or the 
possible rate of radionuclide transport have been found. 

A documented release of radionuclides to surface water does not exist for 

Pahute Mesa. The facility slope is variable, but is essentially horizontal at GZ. The 2 



year, 24 hr rainfall is approximately 1 in. and the distance to the nearest intermittent 
stream is within one-quarter mile. Surface water is not utilized on Pahute Mesa and 
sensitive. environments do not exist. 

POTENTIAL FOR AIR RELEASE 

Air transport of radioactivity is a potential problem due to the possibility of 
resuspension of contaminated soil. The NTS is subject to high winds (up to 50 mph) 
at all times of the yea@, and this certainly contributes to the threat posed by resuspen- 
sion. However, a study by Shinn suggests that significant resuspension is likely to 
occur only when human activity disturbs the soil."J As long as no further activity 
takes place near the Palanquin site, the threat of airborne contamination is probably 
minimal. 

There is not a permanently based work force within 4 miles of the Palanquin 
site. Land use can be termed military/industrial for this site. 

THREATS TO FOOD CHAIN AND ENVIRONMENT 

Direct contact by the wildlife of Pahute Mesa to areas of soil contamination 
appears likely. Therefore, a threat to the local food chain, excluding humans, ap- 
pears to exist. Unless contaminated areas are disturbed by human activity, resuspen- 
sion of contaminated soil particle by wind is not expected. 

CONCLUSION AND RECOMMENDATIONS 

The most probable threats from this site appear to result from direct contact and 
resuspension of contaminated soil by wind. The area of contamination should be 
fenced to restrict access. This action would reduce the risk of resuspension of con- 
taminated soil due to wind and human intrusion, and remove the risk of direct con- 
tact. These threats are however, considered mi~imal because of the remoteness of 
the area. 

A preliminary HRS was conducted for the Palanquin site and is included in 
Appendix 2.5.A.1. The Palanquin site was scored using the old HRS scoring system 
as the new one is not available. Under the old system, an Sm score of 1.35 was 
derived. 



SITE SPECIFIC D E S C r n O N  - CHESHIRE 

Name of Site - Cheshire 

Location - The Cheshire event was in emplacement hole U20n in the middle of 
Area 20 (Figure 2.5.1). The site is within the subsurface Silent Canyon caldera. 

HISTORY 

The event involved the explosion of a 200- to 500-kt nuclear device buried 
about 3,800 ft beneath the ground surface, well below the top of the saturated zone. 
The device was detonated on February 14, 1976. 

During June and July 1976, a re-entry hole was slant-drilled to a point about 
200 ft below the shot cavity. Water samples were collected from this hole in 1976, 
1983. and 1984.2 

WASTE GENERATION AND DISPOSAL 

A nuclear explosion the size of the Cheshire event would be expected to produce 
about 1012 curies of radioactivity 1 minute after detonation3 While no specific infor- 
mation about the Cheshire event is available, the radioactivity from most under- 
ground tests (i.e., those that are designed to be contained) remains within the shot 
cavity except for small amounts of gases that may be released during drillback opera- 
tions. 

KNOWN RELEASES 

The only release from the Cheshire site was from the cavity to the ground-water 
table. Owing to the depth of burial, surface water and air migration of the pollutants 
are unlikely. 

POTENTIAL FOR DIRECT CONTACT OR FIRElEXPLOSION HAZARD 

Assuming that no contamination reached the surface, there is no potential for 
direct contact or fire and explosion. 

The waste characteristics and quantity of radionuclides produced by a nuclear 
test are described in the introduction. The closest population and permanent struc- 
tures are approximately 2.6 miles away at the Area 20 support camp. Sensitive 
environments do not exist at Pahute Mesa and the land use is military and industrial. 



The radionuclides at the Cheshire site are completely contained and inaccessible with 
respect to direct contact. From this evidence, there is not a potential hazard from fire 
and explosion or direct contact from this site. 

POTENTIAL FOR GROUND-WATER RELEASE 

The 1976 samples from the re-entry hole were intended to establish background 
levels of activity. However, they contained several radionuclides including a9Pu and 
up to 2,000 nCi/ml of tritium, indicating that either the water was drawn from the 
cavity or that radioactivity had already migrated below it. The 1983 samples also 
showed significant levels of radioactivity.* 

It is clear, therefore, that the Cheshire event did contaminate the ground water 
in or near the cavity. It is true that the rate of ground-water flow from Pahute Mesa is 
low: The U.S. Energy Research &Development Administration9 concluded from the 
calculations of Blankennagel and Weir' that 

"water from some explosion sites on Pahute Mesa could travel to the 
boundary of the NTS in about 20 years if a maximum possible rate of 
travel is assumed everywhere. However, it would require a century or 
more before the groundwater could move from the contiguous govern- 
ment-controlled land of the Nellis Air Force Range. At the more prob- 
able ground-water velocities for the area, water from sites of Pahute 
Mesa tests could not leave government-controlled land for more than 
1,000 years. (p. 2-56)" 

However, as the half-life of a9Pu is 24,000 years, there appe'ars to be a potential for 
off-site transport of radioactivity through the ground water. 

NUMBER OF WELLS WITHIN A FOUR-MILE RADIUS 

Two NTS water supply wells are located on Pahute Mesa. The distance from the 
Cheshire site to the closest well (U20) is 4,000 ft. These wells are sampled monthly 
to monitor radiation levels. 

POTENTIAL FOR SURFACE WATER RELEASE 

Assuming there was no release of contamination to the surface, there is no 
potential for transport in surface water. 



A documented release of radionuclides to surface water does not exist for 
Pahute Mesa. The facility slope is variable, but is essentially horizontal at GZ. The 2 
year, 24 hr rainfall is approximately 1 in, and this distance to the nearest intermittent 
stream is within one-quarter mile. Surface water is not utilized on Pahute Mesa and 
sensitive environments do not exist. 

P O T E m  FOR AIR RELEASE 

In view of the great depth at which the Cheshire event was detonated and the 
stability of the rock overlying the site, the potential for air release appears to be 
small. 

There is not a permanently based work force within 2.8 miles of the Cheshire 
site and land use can be termed military/industrial for this site. 

THREATS TO FOOD CHAIN AND ENVIRONMENT 

The Cheshire event is thought to have been completely contained underground 
and, therefore, represents no threat to the environment. Ground-water contamina- 
tion as a result of the Cheshire event appears to be the most significant environ- 
mental hazard. 

CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for the Cheshire site and is included in Ap- 
pendix 2.5.A.2. The Sm score for Cheshire was 25.95, reflecting a relatively greater 
possibility of migration of contaminants from the ground water to adjacent wells or 
off-site. 

The site is currently being investigated as part of D O W O ' s  Hydrologic and 
Radionuclide Migration Program (HRMP). Unpublished data has shown that migra- 
tion of at least tritium has occurred. It is recommended that these studies be contin- 
ued and studies planned to investigate the hydrologic condition of this portion of the 
NTS be carried out. 
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APPENDIX 2.5.A. 1 
HRS WORKSHEETS 

PALANQUIN . 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

- - 

1 
Containment 3 1 1 3 7.1 

L 
Waste Characteristics 

Direct Evidence 3  

Ignitability 

Reactivity 

Incompatibility 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 8 20 

Targets 

Distance to Nearest @ 1 2 3 4 5 
Population 

Distance to Nearest @ 1 2 3 
Building 

Distance t o  Sensitive @ 1 2 3 
Environment 

Land Use 

Population Within @ 1 2 3 4  5 
2-Mile Radius 

Buildings Within @ 1  2 3 4  5 
2-Mile Radius 

Total Targets Score 

4  
Multiply 1 x 2 x 3 

5 
Divide line 4  by 1,440 and multiply by 100 s,, = 0.55 



DIRECT CONTACT WORK SHEET 

Rating Factor 
Assigned Value 

(circle one) 
Multi- Max, Ref. 
plier Score Score (Section) 

- 

1 
Observed Release 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

L 
Accessibility 

3  
Containment 

waste Characteristics 

Toxicity 0 1 2 0  

Targets 

Population within @ ! 2  3 4 5 
a 1-Mile Radius 

Distance to a 
Critical Habitat 

a 1 2  3 

Total Targets Score 32 

- 

6 ~ f  l i e  1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 
-- - 

7 
Divide line 6 by 21,600 and multiply by 100 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 3.2 
Depth to Aquifer 

of Concern 0 1 2 3  2 0 6 

Net Precipitation 8 0 1 2 3  1 0 3 

Permeability of the 
Unsaturated Zone 0 1 @ 3 

Physical State 0 0 2  3 

Total Route Characteristics Score 3 15 

waste Characterjstios 3.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 Q  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use ' 0 1 @ 3 3 6 9 

Distance to Nearest @ 4 6 8 10 1 0 40 
WeWPopulation 12 16 18 20 
Served 24 30 32 35 40 

Total Tareets Score 6 49 
- -  - 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

~f line 1 is 0, multiply 2 x 3 x 4 x 5 468 57,330 

7 
Divide line 6 by 57,330 and multiply by 100 s,, = 0.82 





AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 1 45 45 5.1 

Date and Location: During Production Testing 

Samuline Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 5.2 

Reactivity and 
Incompatibility @ 1 2 3 

Toxicity 0 1 2 0  

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 Q  1 8 8 

Total Waste Characteristics Score 17 20 

Targets 5.3 

Population Within @9 12 15 18 1 0 30 
4-Mile Radius 21 24 27 30 

Distance to Sensi- @ 1 2 3 2 0 6 
tive Environment 

Land Use 0 0 2  3 1 1 3 

Total Targets Score 1 39 

5 
Divide line 4 by 35,100 and multiply by 100 sa = 2.18 



HRS SCORE FOR 

PALANQUIN 

S,, = 0.0 

S, = 2.18 



APPENDIX 2.5.A.2 
HRS WORKSHEETS 

CHESHIRE SlTE 



FIRE AND EXPLOSION WORK S H E m  

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1  
Containment 0 3  1  1 3  7.1 

2  
Waste Characteristics 7.2 

Direct Evidence 3  1  0  3  

Ignitability 0 1 2 3  1 0  3  

Reactivity 0 1 2 3  1  0  3  

Incompatibility ! 0 1 2 3  1 0  3  

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 8 20 

Targets 7.3 - 
Distance to Nearest @ 1 2  3 4  5  1  0  5  

Population 

Distance to Nearest @ 1  2 3  1 0  3  
Building - 

Distance to Sensitive @ 1 2  3  1  0  3  
Environment 

Land Use 0 0 2  3  1 1 3  

Population Within @ 1 2 3  4  5  1  0  5  
2-Mile Radius 

Buildings Within a 1 2 3 4 5  
2-Mile Radius 

Total Targets Score 1 24 

4  
Multiply 1  x 2  x 3 8 1,440 

5  
Divide line 4  by 1,440 and multiply by 100 s,, = 0.55 



DIRECT CONTACT WORK SHEET 

Rating Factor 
Assigned Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score (Section) 

1 
Observed Release 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 
Accessibility 0 0 2  3 1 1 3 8.2 

3 
Containment 

Waste Characteristics 

Toxicity 0 1 2 0  

Targets 

Population Within @ 1 2 3 4 5 
a 1-Mile Radius 

Distance to a 
Critical Habitat 

@ 1 2  3 

Total Targets Score 32 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 

7 
Divide line 6  by 21,600 and multiply by 100 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 1 45 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Depth to Aquifer 

of Concern 0 1 2 3  

Net Precipitation 0 1 2 3  

Permeability of the 
Unsaturated Zone 0 1 2 3 

Physical State 0 1 2 3  

Total Route Characteristics Score 15 

Waste Characteristics 3.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 1 0 3 3 6 9 

Distance to Nearest 0 4 6 8 10 1 16 40 
, WelUPopulation 12 16 18 20 

Sewed 24 Q32 35 40 

Total Targets Score 22 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 

.I 
Divide line 6 by 57,330 and multiply by 100 S, = 44.84 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 4.2 
Facility Slope and 

Intervening Terrain @ 1 2 3 1 0 3 

I-yr. 24-hr. Rainfall 0 0  2 3 1 1 3 

Distance to Nearest 
Surface Water 0 1 0 3  2 4 6 

Physical State 0 1 2 0  1 3 3 

Total Route Characteristics Score 8 15 

3 
Containment @ 1 2  3 1 0 3 4.3 

Waste Characteristics 4.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26. 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 

Distance to a Sensi- 
tive Environment 1 2 3  2 0 6 

Population Servedl 4 6 8 1 0  1 0 40 
Distance to Water 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 
- -- 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

7 
Divide line 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1  
Observed Release 69 45 1 0  45 5 .1  

Date and Location: 

Sampling Protocol: 

IF line 1  is 0, the Sa = 0. Enter on line 5. 

If line 1  is 45. then proceed to line 2. 

2  
Waste Characteristics 5.2  

Reactivity and 
Incompatibility 0 1 2 3  1  3  

Toxicity 0 1 2 3  3  9 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 8  1  

Total Waste Characteristics Score 20 

Targets 5.3 
Population Within 0  9 12 IS 18 1  30 

4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  
tive Environment 

Land Use 0 1 2 3  1  3  

Total Targets Score 39 

5  
Divide line 4 by 35,100 and multiply by 100 Sa = o  



, . 

HRS SCORE FOR 
CHESHIRE SITE 



SECTION 2.6 

COVER SHEET . 

NAME OF SlTEk Mercury Valley, Nevada Test Site, Nevada 

LOCATION: Mercury is located in Mercury Valley, which is a basin in the 
Basin and Range physiographic province. It is located in Nye 
County, Nevada, approximately 50 miles northwest of Las 
Vegas, Nevada. Mercury Valley lies between the latitudes of 
36"42'N and 3b034'N and between the longitudes of 115"57W 
and 116"101W. 

DISPOSITION: The majority of Mercury Valley and all of the town of Mercury 
lies within the Nevada Test Site. As such, it has been under the 
jurisdiction of the U.S. Department of Energy since 1979. 
From 1975 to 1979, Mercury Valley and the rest of the test site 
were under the jurisdiction of U.S. Energy Research and Devel- 
opment Administration. Prior to 1975, the U.S Atomic Energy 
Commission was responsible for all activities on the Nevada 
Test Site.' 



PRELIMINARY ASSESSMENT REPORT 
BUILDING 155, MERCURY, NEVADA TEST SITE, NEVADA 

INTRODUCTION 

Mercury Valley is located within south central Nevada, approximately 50 air 
miles northwest of Las Vegas (Figure 2.6.1).1 It is 6.8 miles long by 10 miles wide at 
its greatest extent, with an elevation ranging from 3,050 to 4,200 ft? Mercury Valley 
is the site of Mercury, a base camp dedicated to the administration and material 
support of nuclear testing conducted in other areas of the Nevada Test Site. 

Within Mercury there are several active industrial waste sites3 that contain 
chemical or radioactive wastes. Of these sites, only the Building 155 leachfield is 
inactive. Building 155 is an old laboratory that was utilized by the Radiological 
Health and Safety Group. 

OVERALL FACILSrY D E S C m O N  

Figures 2.6.1 and 2.6.2 show the general location of Mercury Valley and 
Building 155, respectively. The layout of Building 155 leachfield is shown on Figure 
2.6.2. 

ENVIRONMENTAL SETlWG 

Mercury Valley covers an area of approximately 70 miles2 and ranges in 
elevation from 3,050 to 4,200 ft. The valley is a transition zone between the northern 
edge of the Mojave Desert and the southern portion of the Great Basin Desert.1 The 
climate in the valley is similar to that of Yucca Flat, which is described in the 
introduction. The plant community is also similar to Yucca Flat, with the 
Larrea-Ambrosia community dominating. 

Mercury Valley is located in a transition zone between the northern edge of the 
Mojave Desert and the southern portion of the, Great Basin Desert.' A further 
complication of the environment is exerted by the wide range of elevations that exist 
on the test site, which range from 2,345 m on Rainier Mesa to 910 m in Frenchman 
Flat. 



FIGURE 2.6.1. Building 155 Location Map. 





HYDROGEOLOGIC SUMMARY 

A general description of the aquifers and aquitards under Mercury Valley and 
their water-bearing characteristics are given in Reference 4. The following is a 
description of the hydrology of Mercury Valley.4 

Ground water beneath Mercury Valley occurs within valley-fill, and lower 
carbonate aquifers, and within the upper clastic and lower clastic aquitards. The 
ground water is approximately 240 m beneath the surface, and is at an approximate 
altitude of 720 m. 

Hydraulic gradients within the valley indicate movement of ground water within 
the saturated zone to be essentially horizontal, with a small upward component of 
flow.5 This upward flow may actually reflect varying degrees of transmissibility 
within the hydrogeologic units. The similar water chemistries between the various 
aquifers indicates that a good hydraulic connection exists between the various 
aquifers? The estimated velocity of ground water moving through the carbonate 
aquifer beneath Mercury Valley ranges from 0.006 to 0.6 mlyr; values toward the 
lower end of the range are more probable.4 

Ground-water flow within the lower carbonate system continues south and 
southwest from Mercury Valley to the regional discharge point in the east-central 
Amargosa Desert. 

Surface water is a transient phenomenon within Mercury Valley, occurring only 
after intense rainstorms. For this reason, surface water is not utilized withinMercury 
Valley. The only open bodies of water in Mercury are man-made structures, such as 
a swimming pool and sewage lagoons.6 

HUMAN RECEPTORS 

Mercury is the main support and administrative camp for the Nevada Test Site. 
As of March 1, 1988, there are 1,530 people residing and working there @ob Agonia, 
personal communication, March 7, 1988). 

There are not any domestic or agricultural wells present within Mercury or 
within a four-mile radius of the camp. Potable and industrial water resources are 
supplied by Army Well #1 and several wells within Frenchman Flat. The locations of 
these wells are on Figure 2.6.3. Each of these wells is sampled on a monthly basis in 
order to monitor for radionuclide contamination.e 



FIGURE 2.6.3. Location of Wells on the NTS. 



FiNVIRONMENTAL RECEPTORS 

There are only two species of plants on the Nevada Test Site that are candidate 
species for the federal endangered species list. Neither of these two species exist in 
Mercury Valley. 

Any plants or animals living in or near the Building 155 leachfield could 

possibly become environmental receptors. 

The history of Building 155 and the method of waste generation and disposal are 
presented in the site specific description as is that of the Desert Rock Air Strip site. 

OVERALL SlTE AND HAZARD ASSESSMENT 

The sites within Mercury Valley are of significant hazard as they are located 
closer to Mercury and its high concentration of people and buildings. The highest 
scoring site within Mercury was Desert Rock Fuel Spill which had a migratory score 
of 6.53. 



SITE SPECIFIC DESCRETION 

Site Name - Building 155 Leachfield 

Location - Building 155, Mercury, is located in Nevada Test Site, Nevada. 

HISTORY 

Building 155 leachfield measures 20 x 33 ft and was used from approximately 
1959 to 1973 as a wastewater discharge point for a Radiological Science Laboratory 
located within Building 155.9 The leachfield drainage system was disconnected 

approximately 10 years ago and abandoned. Subsequently, the leachfield was filled 
in and paved over for use as a part of the motorpool parking lot? 

WASTE GENERATION AND DISPOSAL 

The waste present within Building 155 leachfield was generated by the various 
wet chemistry analyses of air, water, and soil samples. The wastewater from these 
analyses contained mixed fission products and various solvents (Earl Sorom, 
personal communication, March 18, 1988). PCBs are a potential contaminant as the 
wet chemistry laboratory in Building 155 may have analyzed waste oils in the past 
and these waste oils may have contained PCBs.8 

KNOWN RELEASES 

Documented evidence of release of contaminated material from Building 155 
leachfield does not exist. The contaminated wastes were discharged to the soil 
column, therefore a release to the environment has occurred owing to the design of 
the leachfield. 

POTENTIAL FOR DIRECT CONTACT OR FIRE/EXPLOSION HAZARD 

Evidence of direct contact with the waste found within ~ u i l d i n ~  155 leachfield 
does not exist. Accessibility to the site is limited to those personnel authorized to 
access the Nevada Test Site. Since the leachfield is underneath a layer of asphalt, the 
accessibility of the site is minimal and the containment of the waste products is 
complete. The types of radionuclides that may be present are unknown. 

Fire and explosion hazards do not appear to exist at this site. The wastes 
contained within the leachfield were possibly flammable in their original states, 



however, the substances that were routinely analyzed for within the Building 155 
laboratory were in small dilute quantities, minimizing the possibility for fire and 
explosion. In addition, the mixed fission products have predominantly shorter half 
lives, thus many of the products have decayed to low concentrations. The remaining 
mixed fission products and chemical contaminants can be considered as not reactive, 
ignitable, or incompatible in their present state. 

The nearest work force and buildings are within 200 ft. Sensitive environments 
do not exist within the entire Mercury Valley and the land use can be termed 
military/industrial. The total population within 3.2 km is 1,530 and the total number 
of buildings is approximately 200. 

POTENTIAL FOR GROUND-WATER RELEASES 

Contamination of the ground water is assumed not to have occurred as Building 
155 leachfield is approximately 780 ft above the water table,= the net precipitation of 
the area is 150 cdyear,a the permeability of the alluvium is 10" to lo-' cdsec ,  and 
the waste is sorbed onto soil particles. The leachfield is covered and no leachate 
collection system exists. The quantity of waste present at the site is unknown. 

NUMBER OF WELLS A FOUR-MSLE RADIUS 

The ground water use at the site can be termed industrial, with alternate sources 
available. The closest well is Army Well #I, which is 8.3 krn away and serves 1,530 
people.10 

POTENTIAL FOR SURFACE WATER RELEASES 

A documented release of radioactive or contaminated waste from Building 155 
leachfield to surface water does not exist. Containment of the wastes from surface 
water can be considered to be complete owing to the presence of the asphalt directly 
above the waste. Surface water is not utilized within Mercury and sensitive 
environments do not exist within Mercury Valley.1 The closest ephemeral stream is 
believed to be less than 1,000 ft away. 

POTENTIAL FOR AIR RELEASES 

Documented releases of radionuclides or chemicals to the air from Building 155 
leachfield do not exist. Owing to the dilute state of the radionuclides and chemicals 
within the waste, the hazard for air releases is small. 



THREATS TO THE FOOD CHAIN AND ENVIRONMENT 

Prohibitions against sport hunting exist on the Nevada Test Site and access to 
the NTS is restricted to only authorized personnel.' This limits the danger to the 
human food chain. Species that might live in and around the leachfields have ready 
access to it and may be threatenefl by long-term exposures to the radionuclides and 
chemicals present. 

The proximity of the leachfields to plants and animals within the area creates a 
possible hazard to the environment found there. However, hazardous effects are 
probably minimal owing to the lack of accessibility because of the overlying asphalt 
liner. 

CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for Building 155 leachfield and is included in 
the Appendix. Under the old scoring system, the migratory score for the Building 
155 leachfield is 1.18. 

Additional data should be collected to quantify the volume and type of waste 
present in the soil prior to any remedial investigation. 



SITE SPECIFIC DESCRIPTION - MERCURY, NEVADA 

Name of Site - Desert Rock Airstrip Fuel Tank 

Location -Desert Rock Airstrip is located in Mercury Valley, which is a basin in 
the Basin and Range physiographic province. It is located in Qye County, Nevada, 
approximately 50 miles northwest of Las Vegas, Nevada. Mercury Valley lies 
between the latitudes of 36'42'N and 36'34'N and between the longitudes of 

115°57% and 116"101E. 

HISTORY 

Desert Rock Airstrip is located approximately 4 miles to the southwest of 
Mercury proper. This airfield was initially built as a landing field for a former Army 
base that was located within Mercury Valley. This airstrip has been maintained and 
used by the Nevada Test Site since its inception in the 1950's. 

On Monday, January 6, 1986, an inspection of the jet fuel tank at the airstrip 
revealed that an estimated 16,000 gallons of jet fuel had disappeared over the 
weekend. Subsequent investigations at the site revealed a leak within the pumping 
system. During normal operations, the pump was suspected to leak only during the 
actual transfer of fuel to aircraft. However, during the first weekend of 1986, the 
pumping system was left on and a leak within the pump occurred as the fuel was 
continuously recirculated. The leak developed and was maintained during the entire 
weekend, resulting in over 16,000 gallons of fuel being lost. 

A similar leak developed within the pumping system during the summer of 
1987. Discrepancies within the inventories revealed a slow leak within the pump. A 
total of 2,000 gallons of jet fuel were suspected to have leaked from the tank during 
the course of the summer (Orin Hayworth, personal communication, March 25, 
1988). 

WASTE GENERATION AND DISPOSAL 

The waste present in and around the jet fuel tank at the Desert Rock Airstrip was 
generated during two incidents when leaks developed within the pumping system. It 
is suspected that leaks within the pump, which is located directly over the jet fuel 
tank, would run along the sides of the pump and into the backfill and soil used to 
cover the tank. From field inspections conducted on January 9, 1986, it was 



concluded that infiltration of the jet fuel had been primarily vertical (Orin Hayworth, 
personal communication, March 25, 1988). 

KNOWN RELEASES 

Documented evidence of release of approximately 18,000 gallons of jet fuel 
were known to have occurred since early 1986 at the Desert Rock Airstrip to the 
unsaturated zone. Analytical studies have not been conducted in order to delineate 
the migration of the contaminant plume. 

POTENTIAL FOR DIRECT CONTACT OR FLRE/EXPLOSION HAZARD 

Evidence of direct contact with the jet fuel beneath the storage tank has not been 
documented and is not suspected to have occurred. Since the spilled fuel is now in 
the soil column and the site is a part of the Nevada Test Site and as such is subject to 
the security measures that are conducted for the site as a whole, then accessibility to 
the spilled fuel is likely low. The containment of the fuel is not complete since it was 
spilled on the ground. The toxicity of the jet fuel is 3 and its persistence is 2. The 
distance to a nearby worker population is approximately 4 miles, which is Mercury, 
and known endangered species are not known to live anywhere within Mercury 
Valley. 

Fire and explosion hazards are possible but not likely at this site. The wastes 
contained within the soil column beneath the jet fuel storage tank are flammable in 
concentrated states, however, since it is mixed within the soils of the site, the 
likelihood of fire and explosion hazard has been reduced. Few, if any, buildings are 
located near the spill thus reducing the possibility of vapor concentrations. A total 
quantity of 18,000 gallons of jet fuel has been spilled into the soil. This is equal to 
360 drums of waste. The distance to the nearest permanently based worker 
population is approximately 4 miles and the distance to the nearest building is within 
60 m. The number of people and buildings within a two-mile radius is zero and less 
than 10, respectively. 

POTENTIALS FOR GROUND-WATER RELEASES 

Evidence documenting an observed release of jet fuel to the ground water does 
not exist. The contaminant has been introduced into the unsaturated zone and may 
travel to the regional ground-water system which is approximately 240 m below the 



land surface.$ The net precipitation of the area is -150 cmlyeara, and the 
permeability of the underlying alluvium is believed to be 10-"0 cmfsec. The jet 
fuel is assumed to still be in liquid form within the soil column. 

Containment measures have not been undertaken at the site. The waste toxicity 
and persistence values are 3 and 2, respectively, and total waste quantity is 360 
barrels. 

NUMBER OF WELLS WITHIN A FOUR-MILE RADIUS 

The ground water use at the site can be termed industrial, with alternate sources 
available. The closest well is Army Well #1, which is 2.3 km away and serves 1,530 
people.10 

POTENTIAL FOR SURFACE WATER RELEASES 

A documented release of jet fuel from Desert Rock Airstrip to a surface water 
stream has not been documented. The facility slope is approximately 1.5 percent and 
the 2 year, 24 hr rainfall is less than 1 in. The distance to the nearest intermittent 
stream is approximately 200 m and the physical state of the waste is liquid. Surface 
water is not utilized within Mercury and sensitive environments do not exist within 
Mercury Valley.' 

POTENTlAL FOR AIR RELEASES 

Documented releases of hydrocarbons to the air from Desert Rock Airstrip fuel 
spill does not exist. Since the jet fuel has entered the soil column, slow volatilization 
of the waste into the air is possible, but will likely be small. 

THREATS TO THE FOOD CHAIN AND ENVIRONMENT 

Prohibitions against sport hunting exist on the Nevada Test Site and access to 
the NTS is restricted to only authorized personnel.1 This limits the danger to the 

human food chain. Species that might live in and around the site of the fuel spill have 
ready access to it, especially burrowing mammals and deep-rooted plants. 
Endangered species are not known to exist within Mercury Valley and are therefore 
not threatened by the fuel spill. 

CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for the fuel spill at the airstrip and is 
included as Appendix 2.6.A.2. Under the old scoring system, the migratory score for 



the fuel spill is 6.53. Recommendation for this site is further study to delineate the 
plume and to determine the best way to clean and or monitor the site. 



REFERENCES 

1. Energy Research & Development Administration. 1977. Final Environmental 
Impact Statement, Nevada Test Site, Nye County, Nevada. 

2. U.S. Geological Survey. 1952. Specter Range, Mercury, Topographic Maps; 
15-min quadrangle. U.S.G.S., Denver, Colorado. 

3. Fraser, D.L. 1986. Nevada Test Site Underground Contaminants, U.S. Dept. of 
Energy Internal Memorandum, September 25, 1986, 31 p. 

4. Winograd, 1.J. and W. Thordarson. Hydrogeologic and Hydrochemical 
Framework, South-Central Great Basin, Nevada-California, with Special 
Reference to the Nevada Test Site. Geological Survey Professional Paper 712-C, 
126 pp. 

5. Meyer, G.L. and R.E. Smith. 1964. Summary of hydraulic data, quality of 
water, and lithologic log for Army Well 1, Mercury Valley, Nye County, Nevada. 
U.S. Geological Survey Technical Letter NTS-71, 14 p. 

6. Berry, H.A. 1984. Nevada Test Site Graphic Overview System. EG&G/EM, Las 
Vegas, Nevada, 64 pp. 

7. O'Farrell, T.P. and L.A. Emery. 1976, Ecology of the Nevada Test Site: A 
narrative summary and annotated bibliography. Desert Research Institute 
Report #26549, 249 pp. 

8. U.S. Department of Commerce. 1968. Climatic Atlas of the United States, 80 

PP . 
9. U.S. Department of Energy. 1988. DOE Environmental Survey Sampling and 

Analysis Plan Nevada Test Site, Nye County, Nevada. 

10. U.S. Energy Research &Development Administration. Map - Nevada Test Site 
Road and Facility Map. 



APPENDIX 2.6,A.l 
HRS WORKSHEETS 

BUILDING 155, MERCURY, NEVADA 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 

waste Characteristics 7.2 
Direct Evidence 3  1 0  3  

Ignitability 0 1 2 3 ,  1 0 3  

Reactivity 0 1 2 3  1 0  3  

Incompatibility ! 0 1 2 3  1  0  3  

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1  8 8 

Total Waste Characteristics Score 8 20 

- 
Distance to Nearest 0  1 2  3  @ 5  1  4  5  

Po~ulation 

Distance to Nearest 0 1 0  3  
Buildine - 

Distance to Sensitive @ 1  2  3  
Environment 

Land Use 0  1  2 0  1  3  3 

Population Within 0  1 2 0 4  5 1  3  5  
2-Mile Radius 

Buildings Within 0  1 0 3  4  5 1  2 5 
2-Mile Radius 

Total Targets Score 14 24 

4  
Multiply 1 x 2  x 3  

5  
Divide line 4  by 1,440 and multiply by 100 sFE = 7.78 ', 



- - - 

DImm CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

If observed release is given a score of 45, proceed to line 4.  

If observed release is given a'score of 0, proceed to line 2. 

3 
Containment 

waste Characteristics 8.4 

Toxicity 0 1 2 0  5 3 15 

Targets 8.5 

Population Witbin 0 1 2 0 4  5 4 3 20 
a 1-Mile Radius 

Distance to a 
Critical Habitat 

a 1 2  3 

Total Targets Score 3 32 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 

I 
Divide line 6 by 21,600 and multiply by 100 SDC = 0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Depth to Aquifer 

of Concern @ 1 2  3 

Net Precipitation @ 1 2 3 

Permeability of the 
Unsaturated Zone 0 1 @ 3 

Physical State 0 1 2 0  

Total Route Characteristics Score 5 15 

3 
Containment 

Waste Characteristics 3.4 
ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 B  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 @ 2 3 3 3 9 
Distance to Nearest @ 4 6 8 10 1 0 40 

WelVPopulation 12 16 18 20 
Served 24 30 32 35 40 

Total Targets Score 3 49 . 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 1,170 57,330 

7 
Divide line 6 by 57,330 and multiply by 100 Sgw = 2.04 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value . Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 
Facility Slope and 

Intervening Terrain o 8 2 3 

1-yr. 24-hr. Rainfall 0 1 2 3 

Distance to Nearest 
Surface Water 0 1 2 0  

Physical State 0 1 2 0  

Total Route Characteristics Score 11 15 

3 
Containment Dl 2 3 1 0 3 4.3 

waste Characteristics 4.4 
ToxicitylPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use @ 1 2 3 3 0 9 
Distance to a Sensi- 

' tive Environment 0 1 2 3 2 0 6 

Population Servedl 8 0 4 6 8 1 0  1 0 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x S 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

'I 
Divide line 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1' 
Observed Release 4 5 1 .  0 4 5 5.1 

Date and Location: During production testing. 

Sampling Protocol: 

If line 1 is 0, the Sa = 0.  Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

1: 
Waste Characteristics 

Reactivity and 
Incompatibility 

Toxicity 

Hazardous Waste 
Quantity 

Total Waste Characteristics Score 20 

Targets 5.3 

Population Within 0 9 12 15 18 1 30 
4-Mile Radius 21 24 27 30 

Distance to ~ e n s i -  0 1 2 3  
tive Environment 

Land Use 0 . 1 2  3 1 3 

Total Targets Score 39 

5 
Divide tine 4 by 35,100 and multiply by 100 Sa = o  



HRS SCORE FOR 
BUILDING 155, MERCURY, NEVADA 

Sgw = 2.04 

Ssw = 0.0 

Sa = 0.0 



APPENDIX 2.6.A.2 
HRS WORKSHEETS 

DESERT ROCK AIRSTRIP JET FUEL SPILL 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
containment 

waste Characteristics 
Direct Evidence 

Ignitability 
@ 

0 1 0 3  

Reactivity a1 2 3 

Incompatibility 0 1 0 3  

Hazardous Waste 
Quantity 0 1 2 0 4 5 6 7 8  1 3 8 

Total Waste Characteristics Score 7 20 

Targets 

Distance to Nearest ,w 1 2 3 4 5 
Population 

Distance to Nearest 0 1 2 3  
Building 

Distance to Sensitive @ 1 2 3 
Environment 

Land Use 0 1 2(3J 

Population Within 1 2 3 4 5 
2-Mile Radius 

Buildings Within 0 0 2  3 4 5 
2-Mile Radius 

Total Targets Score 

4 
Multiply 1 x 2 x 3 

5 
Divide line 4 by 1,440 and multiply by 100 s,, = 11.66 



DIRECT CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 8.1 

If observed release is given a score of 45,  proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 
Accessibility 

3 
Containment 

waste Characteristics 8.4 

Toxicity 0 1 2 0  5 1.5 15 

Targets 8.5 

Population Within @ 1 2 3 4  5  4 0 20 
a 1-Mile Radius 

Distance to a 4 0 12 
Critical Habitat 

Total Targets Score 32 

6 ~ f  line 1 is 45, multiply 1 x 4  x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 21,600 

7 
Divide line 6 by 2 1,600 and multiply by 100 SD, = 0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 3.2 
Depth to Aquifer 

of Concern @ 1 2  3 2 0 6 

Net Precipitation @ 1 2 3 1 0 3 

Permeability of the 
Unsaturated Zone 0 1 @ 3 

Physical State 0 1 2 0  

Total Route Characteristics Score 5 15 

3 
Containment 

Waste Characteristics 3.4 
ToxicitytPersistence 0 3 6 9 12 0 18 1 15 18 
Hazardous Waste 0 1 2 0 4 5 6 7 8  1 3 8 

Quantity 

Total Waste Characteristics Score 18 26 

Targets 3.5 

Ground Water Use 0 1 @ 3 3 6 9 

Distance to Nearest 1 18 40 
WelltPopulation 
Served 24 30 32 35 40 

Total Tareets Score 24 49 

61f line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 

7 
Divide line 6 by 57,330 and multiply by 100 s,, = 11.3 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 ~ o u t e  Characteristics 
Facility Slope and 

Intervening Terrain 0 1 2 3 

1-yr. 24-hr. Rainfall 8 0 1 2 3 

Distance to Nearest 
Surface Water 0 1 2 0  2 6 6 

Physical State 0 1 2 @ 1 3 3 

Total Route Characteristics Score 9 15 

3 
Containment 0 1 2 0  1 3 3 4.3 

waste Characteristics 4.4 
Toxicity/Persistence 1 15 :: :6:29181 8 1 18 Hazardous Waste 3 8 

Quantity 

Total Waste Characteristics Score 18 26 

Targets 4.5 

Surface Water Use a 1 2 3 3 0 9 

Distance to a Sensi- 
tive Environment 0 1 2 3 2 0 6 

Population Servedl 8 0 4 6 8 1 0  1 0 40 
Distance to Water 12 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x . 3  x 4 x 5 64,350 

1 
Divide line 6 by 64,350 and multiply by 100 ssw = 0 



-- - 

AIR ROUTE WORK SHEET 

Rating Factor 
Assigned Value 

(circle one) 
Multi- Max. Ref. 
plier Score Score (Section) 

1 
Observed Release (3 45 1 0  45 5.1 

Date and Location: During production testing. 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 

Reactivity and 
Incompatibility 

Toxicity 

Hazardous Waste 
Quantity 

Total Waste Characteristics Score 

Targets 

Population Within 0 9 12 15 18 
4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  
tive Environment 

Land Use 0 1 2 3  

Total Targets Score 39 

5 
Divide line 4 by 35,100 and multiply by 100 Sa = o  



HRS SCORE FOR 
DESERT ROCK AIRSTRIP JET FUEL SPILL 

sgw = 11.3 

Ssw = 0.0 

Sa = 0.0 
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SECTION 2.7 

COVER SHEET 

NAME OF SI'Ek Area 25/26, also known as Nuclear Rocket Development Sta- 
tion (NRDS), Area 25 & 401 maintenance assembly and disas- 
sembly facility Area 26, Nevada Test Site, Nevada. 

LOCATION: The Nuclear Rocket Development Station, located in Area 25 
of the Nevada Test Site, lies approximately 90 miles northwest 
of Las Vegas. 

The 401 Maintenance Assembly and Disassembly facility is lo- 
cated in Area 26 northeast of the NRDS. The area consists of 
about 9.6 miles2 and is approximately 12 miles northwest of 
Mercury, Nevada, between Nevada State coordinates N 
747,000, N 759,000, E 645,000, and E 666,000. Geographi- 
cally, the area generally is bounded on the southwest by the low 
drainage divide between Wahmonie Flat and Jackass Flat, on 
the northwest by the southeastern slopes of Lookout Peak, on 
the north and northeast by small rugged hills, and on the south 
by the northern slopes of Skull Mountain. 

DISPOSITION: The Nuclear Rocket Development Station, Area 25, and the 
401 Maintenance Assembly and Disassembly facility, Area 26, 
are completely enclosed within the Nevada Test Site. As such, 
they are under the jurisdiction of the U.S. Department of En- 
ergy. The area is currently designated the Nevada Research 
and Development Area. 



PRELIMINARY ASSESSMENT REPORT 
NUCLEAR ROCKET DEVELOPMENT STATION 

INTRODUCTION 
The Nuclear Rocket Development Statibn (NRDS) in what is now known as Area 

25 of the Nevada Test Site was used to test nuclear-powered engines for potential 

aircraftlrocket use.2 

Major site construction began in the mid-1950s. Program research and develop- 

ment ran through 1965, and Nuclear Engine for Rocket Vehicle Application 

(NERVA) Project operations extended through 1973. Then, with severe curtailment 

of project budget and eventual project termination, administrative control of the area 

was returned to DOE. 

The Nuclear Rocket Development Station in Jackass Flats occupies about 123 

miles' in the southwestern part of the NTS (Figure 2.7.1). 

Within Area 25, the R-MAD (Reactor-Maintenance Assembly and Disassem- 

bly), E-MAD (Engine-Maintenance Assembly and Disassembly), Test Cell A, and 

Test Cell C compounds will be investigated. 

OVERALL FAClLITY DESCRIPTION 
Figure 2.7.1 gives the general location of the NRDS and its relationship to the 

rest of the test site. Figure 2.7.2 shows the facilities of the NRDS area. 

ENVIRONMENTAL SETIWG 

Jackass Flats is an intermontane valley bordered by highlands on all sides ex- 

cept for a drainage outlet in the southwestern corner? 

Area 25 and 26 are located in a transition zone between the northern edge of the 

Mojave ~ e s e r t '  and the southern portion of the Great Basin Desert.' A further com- 

plication of the environment is exerted by the wide range of elevations that exist in 

the area, which range from 3,400 ft to 5,600 ft. The dominant plant community of 

Area 25 is the Larrea-Ambrosia community. 

There are no animals or plants occurring in Area 25 that are presently on the 

U.S. ~ e p a r t m e n t  of the Interior's list of endangered or threatened wildlife. 

The closest National Monument to Area 25 is also the closest occurrence of an 
endangered species. Twenty miles away from the center of Jackass Flat is Devil's 

Hole, a spring in which lives the only known surviving wild population of the endan- 



FIGURE 2.7.1. Nuclear Rocket Development Station (NRDS) Environs.;! 



FIGURE 2.7.2. Area 25 Facility.Locations.2 



gered Devil's Hole pupfish, Cyprinodon diabolis. The total population of 200 fish live 

within the confines of an annex to the Death Valley National Monument.? 

HYDROGEOLOGIC SUMMARY 

The NRDS in Jackass Flats is underlain by alluvium, colluvium, and volcanic 

rocks of Cenozoic age and, at greater depth, by sedimentary rocks of Paleozoic age. 
The alluvium and the colluvium lie a b ~ v e  the saturated zone throughout nearly all of 

Jackass Flats. The Paleozoic sedimentary rocks contain limestone and dolomite units 

that are excellent water producers elsewhere; however, these units are too deep in 

Jackass Flats to be economic sources of water.3 

The only important water-producing unit known in the vicinity of the NRDS is a 

welded-tuff aquifer, the Topopah Spring member of the Paintbrush tuff. This mem- 

ber contains about 500 ft of highly fractured rock underlying an area 11 miles long 

and 3 miles wide in western Jackass Flats. Permeability of the aquifer is derived 

mostly from joints and fractures; however, some permeability may be derived from 

gas bubbles in the upper part of the unit. Transmissivities, obtained from pumping 
tests, range from 68,000 to 488,000 galldaylft.3 The volume of ground water in 

storage is probably within the range of 37-187 billion gallons.3 

Water in the welded-tuff aquifer is of the sodium bicarbonate type. Dissolved 

solids content of the water in Jackass Flats is in the range of 230 mgll in the western 

part to 890 mgll in the eastern part.3 

Groundwater in the welded-tuff aquifer apparently moves southward toward 

Lathrop Wells and ultimately to discharge points in the Amargosa River Valley in 

California. This southward direction of movement is suggested by the hydraulic 

gradient and the water-quality data.3 

A hydraulic gradient appears to exist between wells J-13 and 5-12, which tap 

the welded-tuff aquifer in Fortymile Wash, and wells tapping the alluvium in the 

Lathrop Wells area. Elevations of the water table are 2,390 ft at well 5-13; 2,387 at 

well 5-12; and 2,313 ft at well 155150-1805, which taps alluvium, resulting in a 
gradient of about 8 ftfmile. The apparent steepening of the hydraulic gradient could 

be caused by a lower permeability in the alluvium than in the tuff, which would result 

in a change in gradient where the tuff was in lateral contact with the alluvial aquifers. 

The similarity in chemical quality between water from the tuff and water from the 

alluvium suggests a hydraulic connection between the tuff and the alluvium.3 



The amount of water actually moving from the tuff aquifer into the alluvium 

probably is small.3 

Upward movement of water from deep Paleozoic carbonate aquifers into the 

welded-tuff aquifer is a possibility, Such movement could occur if hydrostatic heads 
in the carbonate aquifer are higher than those in the welded-tuff aquifer? However, 

such upward movement is extremely unlikely because: (a) the head differences, if 

they exist, are probably very small; (b) the thick tuff section of low permeability 

underlying the welded-tuff aquifer would impede such movement; and (c) the chemi- 

cal quality of water from the welded-tuff shows no evidence of being a mixture of 

water from carbonate and tuff aquifers.3 

Area 26 is largely covered by thin gravels capping a pediment that dips 3" to 6" 

SE. The pediment gravels merge with the valley alluvium along Cane Spring wash to 

the south.12 Where exposed, mainly on the steeper slopes in the northern and eastern 

parts of the area, the bedrock consists mostly of extensive igneous rocks with some 

associated breccias of limited extent. A few thin beds of consolidated sedimentary 

rocks occur between some of the intrusive rocks. The extrusive rocks dip gently to 
the east, are highly faulted and jointed, and are locally sheared.?' These rocks com- 
monly are highly weathered and intensely altered in the shear zones and along some I 

of the faults. A few small dikes crop out in the southeast corner of the area.ql 

A perched water table occurs throughout most of Area 26 with recorded depths 

to its static water level ranging from 81 to 167 ft below the land surface. The perched 

water occurs in a zone of highly fractured rock with many open joints and may extend 

to depths exceeding 261 ft before rocks having low-fracture permeability are pene- 

trated.11 

The regional water table is thought to be at a depth of about 1,700 ft below the 

. surface.11 

The climate of the Nevada Test Site is a characteristic of high deserts having 

rough terrain.4 It experiences extremes in temperature, precipitation, and wind ve- 
locity, as well as great variability in these parameters from year to year, and between 

sites within years.4 

Jackass Flats receives an average annual rainfall of only 4 in., because it lies 
within the rain shadow of the Sierra Nevada. Compared with the eastern part of the 

NTS, Jackass Flats is deficient in rainfall.3 The frequency and amount of precipita- 



tion vary directly as a function of elevation. Higher elevations normally receive more 
rainfall than lower areas. Winter precipitation between October and April results 

from Pacific coast storms and accounts for 65 percent of the annual precipitation. 
Precipitation during the summer results from either convection of moist air brought 
on by southeasterly winds from the Gulf of Mexico, or from cyclonic lows developing 
over the Great Basin. Summer showers occur as isolated events with wide variations 

in amounts of rain within the shower area. Occasionally storms move directly from 

the Gulf of California, resulting in wide-spread, heavy rains. Precipitation lows 

normally occur during May and June, and during September and October.' 

Extreme temperatures at weather stations 4JA in the central part of Jackass 

Flats range from 7O to I1OoF.3 From 1958 to 1965, average daily maximum tempera- 
tures for January was 54"F, and for July 970F; daily minimums were 320 and 680F, 

respectively .3 

HUMAN RECEPTORS 

Figure 2.7.3 indicates the populations in and around the cities and towns sur- 

rounding the Nevada Test Site. 

There are not any permanent residents within Jackass Flats. During peak opera- 
tion of the NRDS up to 1800 people worked in the area. The only present population 

within a four-mile radius of Jackass Flat is the work force which is only a fraction of 
what it was during peak operations of the NRDS. 

There are not any domestic or agricultural wells present in Jackass Flats. Pota- 

ble and industrial water resources are supplied by two wells within the Fortymile 

Wash area of western Jackass Flats. Both of these wells produce water from the 

welded-tuff aquifer at depths of approximately 1,070 and 1,310 ft below the sur- 

face? Peak consumption of well water occurred during the period of operation of the 

NRDS.3 During this time water was used for public supply, construction, test-cell 

coolant, exhaust cooling, and thermal shielding during nuclear reactor and engine 

testing, and washdown? 

In Area 26, 12 so-called Pluto wells were drilled in an attempt to locate suitable 
lithology for the underground air-storage chamber necessary for the Pluto nuclear 

reactor.12 These wells reached the top of the shallow perched aquifer at depths rang- 

ing from 81 to 167 ft below the surface.11 Water from these wells is not known to be 

used. 



FIGURE 2.7.3. Populations Surrounding the NTS. 



ENVIRONMENTAL RECEFTORS 

Many types of plants and animals exist on the Nevada Test Site. Those species 

living close to the test cells and reactors of Area 25 are likely to have higher concen- 

trations of radioactivity in comparison to those living elsewhere. The following data 
give the number of known species that exist on the Nevada Test Site. 

A total of 711 taxa of vascular plants have been collected in the six to seven 

major vegetation types occurring on the Nevada Test Site. At least 1,028 taxa of 

invertebrates within the Phylum Arthropoda have been identified: 80 percent of the 

known arthropods are insects. Goldfish and golden shiners have been introduced into 

ponds and springs on the Nevada Test Site." 

The reptilian fauna of the Nevada Test Site includes 1 species of tortoise, 14 

species of lizards, and 17 species of snakes. There are records of 190 species of birds 
observed on the Nevada Test Site, 86 percent of which are transients.8 

A total of 42 terrestrial mammals and 4 species of bats have been recorded. 

Rodents account for half of the known species and are the most abundant and wide- 

spread group of mammals on the Nevada Test Site. 

HISTORY 

Over a period of years, beginning in the mid-1950s, a substantial and highly 

sophisticated array of testing facilities was constructed in the Jackass Flats area of 

the Nevada Test Site to develop space propulsion test capabilities5 Primary empha- 

sis in the nuclear rocket program was placed on gas-cooled graphite reactors and 

engine systems, including the Nuclear Engine for Rocket Vehicle Application 

(NERVA) project.'. Included in the site complex were major facilities for assembly 

and disassembly of test reactors, test cells for test reactors, test cells for test reactor 

operation and a test stand for operation of reactor engines. Peak employment at the 

'area exceeded 1,800 permanently assigned personnel.5 

Budgetary cuts reduced NRDS activities to a minimal level in 1973, and it was 

announced that the NRDS would terminate all activities except those necessary for 

continued safety and the public welfare? Essential close-down activities were ac- 

complished during the balance of the fiscal year.= 

In Area 26 (also known as Area 401), the Lawrence Livermore Laboratory con- 

ducted six experimental tests involving development of a nuclear reactor for a ramjet 



engine as a part of Project Pluto.11 Between 1961 and 1964, four tests of the Tory IIA 

and Tory IIC nuclear reactors were conducted.11 

In January 1974, a preliminary survey of the NRDS facility was conducted. This 

survey identified residual radiation levels at a number of locations ranging up to 
several thousand mWhr (high of 50,000 mR/hr).s These areas were marked and 

restricted access was allowed only with accompanying radiation technicians. 

WASTE GENERATION AND DISPOSAL 

During operation of the NRDS an undocumented quantity of radioactive waste 

was generated and released to the environment. This waste was generated as  gase- 

ous and particulate emissions from reactor and engine tests, and as decontamination 

fluids generated by cleanup efforts. Decontamination of equipment and test facilities 

resulted in mixed chemical and radioactive waste. 

A preliminary radiological survey was conducted by REECo Environmental Sci- 
ences Department in 1973 to access the scope, nature and location of existing radio- 

active contamination of the NRDS area? The survey identified residual radiation 
levels at a number of locations that ranged to thousands of mRlhr.2 

Contaminated items with AEC numbers were stored in an R-MAD radioactive 

material storage area. Items lacking identification were labeled "radioactive" and 

kept in place. The 1973 preliminary survey did not include radioactive waste mate- 

rial storage sites, buried waste lines, leachfields, or land area debris. 

In 1976 a detailed REEColESD radiation survey of Area 25 was begun. The 
survey included the complete railroad track system, the TNT site, areas around the 

outside fenced compounds at R-MAD and E-MAD buildings, test cells "A" and "C", 

Engine Test Stand-1, and all contaminated waste dumps and the Radioactive Materi- 

. als Storage Facility.2 

Some ground surveys were conducted in January and early February, 1976. 

Small-scale guided survey maps were made of the site west and north of Test Cell 

"C". Radiation monitors staked the site at 20 ft intervals for approximately 400 ft 

north and 400 ft south of the track, and recorded radiation exposure rate measure- 

ments within the guided sections. Where high exposure rates (caused by previously 

scattered chunks of fuel embedded in the soil) justified local effort, detail maps were 

made for future use in decontamination and disposal operations.2 



A final radiological survey of the Area 25 facilities and land areas was com- 

pleted in 1983. The cleanup project encompassed a number and variety of unique 
facilities as described in this report.2 Thousands of swipe samples, soil samples, and 

portable instrument readings were obtained during the course of the project and 

approximately 13,000 cu yds of radioactive material were removed for buried dis- 

posal in Area 3 or Area 5 RWMS at the NTS. Types and levels of radioactive con- 
tamination present after the extensive effort have been posted with warnings signs 

and barricades? 

The final area survey was completed with the following conditions in effect: 

1. Area 25 remains under DOE control; 

2.  E-MAD and ETL,, currently in use, were not part of the decontamination 

effort; and 

3. Systems and very large fixtures to which access can be limited to negate 

any health hazard will be isolated and remain in place. Area 25 would be 

as radiologically clean as feasible and the various areas and facilities can 

be used for other projects as the need arises? 

The RMSF remains RESTRICTED and continues to be used as a radioactive 
materials storage area. Test Cell "A" site has been posted with warning signs, par- 

ticularly Test Cell "A" building roof and inaccessible contaminated areas. 

The R-MAD Building and Compound have been released for use with the fol- 

lowing exceptions of the upper and lower disassembly bays, hot cells R-MAD build- 

ing, and two basement rooms where hot cell doors were lowered. 

Test Cell "C" was released for use in 1981 and remains occupied. 

The NRDS operation spanned a 10 year period from the preliminary radiologi- 

cal survey in 1973-1974, the 1978 comprehensive radiological survey and documen- 

tation, decontamination and followup radiological surveys of the various sites and 

facilities, through 1978 into 1983, to completion of the final radiological survey in 

1983.2 Although records were kept concerning sp'ecific decontamination projects, 

waste management, preliminary and final radiological surveys, and personnel radio- 

logical health data, they did not necessarily reflect the specifications of the final 

reporting scheme.* Such information prior to operations start-up would have been 

valuable in setting up documentation procedures for this particular project. In par- 



ticular, waste type and volume could have been further segregated. Tonnage per 
cubic yard of waste or equipment sent to R I W S  was not necessarily accurately de- 

scribed? 

During the period between 1961 and 1964, four tests of the Tory IIA and two 

tests of the Tory IIC nuclear reactor were conducted by Lawrence Livermore Labora- 
tories, in Area 26 of the NTS. Reynolds Electrical and Engineering Company, Inc., 
was responsible for effluent cloud and fallout monitoring. 

For Tory IIA tests, the maximum dose rates recorded within a few tens of feet of 

the test stand were 1,000 MR/hr and at 4,000 ft from the test average readings were 
0.1 W h r .  Within 3 days, the readings within 1,000 ft were typically down to 0.1 

MR/hr.f3 

For the Tory IIC tests, air sample data were normalized by dividing by the flow 
rate of the samplers. The units of activities reported are, therefore, pCi min/m3. 
Maximum activities recorded were approximately 108 pCi minfm3 and less than 108 

pCi midm3 at 4,000 ft.73 

A radioactive leachfield was constructed adjacent to the disassembly building to 

handle radioactive liquids resulting from the decontamination of equipment involved 
in tests. Solid radioactive waste as buried in the 401 contaminated waste dump and 

it is reported that classified waste as disposed of in the Horn Silver Mine shaft. 

Details of volumes of material disposed of in the above-mentioned sites are not 

known. A radiation survey was completed of the 401 CWD and leachfield. This data 

will be discussed in the Site Specific section of this report. 

OVERALL SITE AND HAZARD ASSESSMENT 

A preliminary assessment was done for each of the sites of the NRDS. 

Migratory scores were elevated from some of the facilities due to the evidence of 
airborne contamination during testing and the potential for movement of 

radionuclides to shallow ground water where applicable. Data however, was limited 
regarding regional hydrogeology 



Maximum values (worst case), were used in cases where data was not available. 
For example, maximum values were used for physical state of contaminant, toxicity/ 

persistence, and waste quantity. 



SITE SPECIFIC DESCRIF'TION - REACTOR hfAINTENANCE, ASSEMBLY AND 

DISASSEMBLY BUILDING (R-MAD) 

Name of Site - Reactor Maintenance, Assembly and Disassembly Building 

@-MAD) 

Location - Figure 2.7.2 shows the location of R-MAD within the NRDS com- 

pound. Figures 2.7.4 and 2.7.5 show the general R-MAD facilities and floor plan, 

respectively. 

HISTORY 

The following is a description of the R-MAD facility taken directly from the 

NRDS master plan 1969-1970.6 

The R-MAD Building was used by Los Alamos for KIWI reactor assembly and 

for remote disassembly and remote inspection of the reactor after test. During an 
interim period before the Engine Maintenance, Assembly and Disassembly (E- 
MAD) Building was available, R-MAD was used by NTO for assembly and disassem- 

bly of the early NERVA reactors. Assembly and disassembly of advanced reactors 
(Phoebus) has also been performed in this R-MAD Building.% 

The R-MAD Building contains two assembly bays where the reactors are assem- 
bled and installed on the test cars. Railroad trackage is provided to allow remotely 
controlled transport of the reactor from the assembly bay to the test cell, a little more 

than 1-112 miles away, and after testing, back to the disassembly bay. A spur also 

leads to a "graveyard" for storage of radioactive test hardware after it has been 
thoroughly examined.8 

WASTE GENERATION AND DISPOSAL 

The waste found at  R-MAD consisted of radionuclides generated by gaseous 
and particulate emissions generated during reactor tests. 

The following description of cleanup and dispo~al was taken directly from "Ne- 

vada Test Site Area 25, Radiological Survey and Cleanup Project", 1974-1983.2 

Survey of the R-MAD compound began with a walk-through inspection by 

DOE, REECo and LANL personnel, to identify items of potential use. A central 

vacuum unit, six rail cars, three reactor cars, three dump cars, a railroad crane and 



FIGURE 2.7.4. General Outline of R-MAD Site. 
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six concrete plugs were reserved. The three reactor cars were removed to RMSF for 

superstructure dismantling and eventual buried disposal of the contaminated super- 
structure. The other items were returned to the users for reuse. The procedure for 

the survey of the R-MAD compound involved E-520 and PIC-6A portable instru- 
ment surveys, and (alcohol) swipe surveys of the floors, walls, and representative 

items. Swipe locations were to be marked, and swipes counted for removable alpha, 

beta plus gamma contamination. 

Cleanup operations at  the R-MAD consolidated waste storage site began with a 
radiological survey of all surface-stored items, and a sorting of clean from contami- 

nated materials. Clean materials were to be returned to the NTS usage system, or 

into excessing channels for sale to the public. The area surveyed and decontami- 
nated included a ten-acre contaminated waste storage area at  R-MAD, a 2,650 ftz 
decontamination facility, a 2,400 fP storage area, and some 10,000 ft2 of warehous- 

ing, in addition to the R-MAD building. A maximum removable contamination level 

of 1,600,000 dpm1100 cm2 beta plus gamma was observed. All contaminated (or 
activated) equipment was categorized into thirty-three lots and removed to NTS Area 

3 RWMS for buried disposal. Removal of contaminated material and equipment 
from the R-MAD compound was completed by April 28, 1978. This included re- 

moval of two 27.5-ton, and two 15-ton reactor shields, which were subsequently 
buried in Area 3 R W .  Cumulative disposal through April 1978 constituted 186 

loads (4,159 cu yds). 

The R-MAD radiation survey progressed as follows: 

R-MAD Building February 27 - June 24, 1978 

R-MAD Warehouse March 16 - June 20, 1978 
R-MAD Compound June 5 - 15, 1978 
R-MAD Grounds June 16 - 23, 1978 

Surveys of the R-MAD building indicated that about 85 percent of the building 

was radioactively contaminated. Throughout the building, material was found 
marked "Radioactive" or "Contaminated". Radiation levels were found to vary gen- 

erally from 0.1 to 20 mWhr, open shield, rising to levels as high as 50 mWhr open 
shield. Generally, swipeable contamination was found to be less than 200 dprn/100 

cm2 beta plus gamma, and less than 30 dpm1100 cmn alpha. Maximum levels of 
swipeable contamination observed in areas other than known radiation areas were, 

respectively, 2000 dpmI100 cm2 beta plus gamma and 3000 dpmllOO cm2 alpha. The 



exposure rate throughout areas other than known radiation areas was less than one 
mR/hr open shield. 

Survey of the hot cells began on March 30, 1978, with personnel in full anti-con- 
tamination clothing and respiratory protection. Air samplers were collected while 

personnel were working in the area, to determine levels of airborne contamination. 

Airborne radioactive contamination levels of 3.5 10-13CiIcc beta plus gamma and 4.9 

x 10-13 Cilcc alpha were observed on an air sample collected over a two-day period 

(April 4-6, 1978). With low concentrations of airborne contamination established, 

the use of full-face respiratory protection was discontinued. 

Full-face respiratory protection was not worn during the hot bay survey. In the 
main hot bay (Rooms 123 and 202), air samples were collected over an interval from 

May 22 through 24, 1978. Airborne radioactive contamination levels of 3.8 x 10-12 

Cilcc beta plus gamma and 1.0 x 10-13 Cilcc alpha were observed for one sampling 

period, 1.2 x 10-11 Cilcc beta plus gamma and 2.8 x 10-13 Cilcc alpha for the other 
sampling period. 

Exposure rates in the hot cells (Room 126, 127, 132, 133, 134, 143, 144, - 149) 
and in the hot bay (Rooms 123 and 202) were 1 to 10 mWhr open shield (generally 

below two mWhr open shield). Removable beta plus gamma contamination levels 
were generally between 1,000 and 22,000 d p d 1 0 0  cm2, with a maximum 300,000 
dpmllOO cm2. Removable alpha contamination levels were generally less than 100 

d p d 1 0 0  cm? 

Radiation surveys of the R-MAD building and compounds were essentially com- 
pleted by June 1978. A total of 6,228 swipe samples were obtained. The highest 
removable contamination level for both alpha and beta plus gamma contamination 

was found on a vacuum cleaner in building 3126 hot bay 1,600,000 d p d 1 0 0  cma beta 

plus gamma; 10,600 dpd100  cm2 alpha. The highest exposure rate observed was 7 
Wh (in the R-MAD hot bay on second floor equipment, and in the decontamination 

building hot bay). 

The R-MAD contaminated waste removal progressed as follows: 

1978 Tons 
January 143 
February 188 
March 130 
April 191 
May 9 1 



Contamination of the R-MAD building was started in early October 1978 and 

proceeded throughout 1979 into 1980. In October 1978, the REECoESD operation 
was moved from the ETL into R-MAD Room 103 to gain stable power for radiation 
counting equipment. The R-MAD water system was restored and the building air- 

sampling system was made ready and calibrated. Preliminary decontamination of 
hallways by the office was also completed in October, as was the basement area, and 

by the end of November, ten rooms, two hallways, and one of the foyer areas were 

decontaminated to less than 20 d p d 1 0 0  cm? Four tons of material were removed 
from the building for shipment to buried disposal, and a detailed survey was made of 

all equipment in the assembly bay. Two leaded glass windows were removed from 
hot cells in December for use in Los Alamos, and twelve additional rooms were 
decontaminated. Decontamination of Rooms 104, 105, 106, 139, 155, 156, and 
Rooms 207 through 217 was also completed in December. The first floor of the 
Paint, Test, Storage Building 3140 was also decontaminated. Another ton of con- 
taminated waste was sent to buried disposal, and 300 pounds sent to the decontami- 

nation pad for compaction before burial. In November, 2,700 swipe samples were 
counted and in December, 2,262 swipe samples were counted. 

Cleaning operations were followed consistently by swipe sample surveys to as- 
certain presence (or absence) of removable contamination. Rooms (or buildings or 

large fixtures) which could not be decontaminated to acceptable levels were secured 
or fenced off, and posted with warnings identifying the existence of residual contami- 

nation, the type of radiation, and usually, the levels found on surface contact. 

By June 1979, decontamination of R-MAD building rooms was estimated to be 
75 percent complete. In the first six months of the year, 10,927 swipe samples had 

been taken and 45 tons of contaminated materials and equipment had been shipped 

to the NTS Area 3 RWMS for buried disposal. All contaminated equipment and 
fnaterial had been removed from Room 202 (the upper disassembly bay). 

Work on decontamination of the upper disassembly bay was completed by the 
end of August. Work in the hot cells (Rooms 132, 133, 134, 144, - 149) began in 

July, continued into September. Three truckloads of contaminated material were 
removed for burial and another for compaction before burial, in July. Another five 

truckloads of contaminated materials, 20 tons, were hauled to the Area 3 RWMS for 

burial in August. Some 2,216 swipe samples were taken and analyzed in July. In 
August, 2,244 swipe samples were taken and analyzed in July. In August, 2,244 



swipe samples were taken, which raised the number of swipe samples taken from the 

R-MAD building to 17,649. Final cleanup and survey in airlock areas, upper stair- 
ways and hallway, hot cell areas, lower disassembly bay and basement areas com- 
pleted R-MAD building area decontamination in September 1979. (Nearly a year 
later, in September 3980, floors of the upper and lower disassembly bays of R-MAD 
building 3110 were epoxy-painted to fix residual contamination, and signs posted to 
indicate contaminated areas in the building or the compound. R-MAD basement 

rooms 6 and 7 were locked off and posted as warning areas.) 

Task activity planned for Fr' 1980 began with cleanup of buildings in the com- 

pound. During October 1979, warehouse 3111 was decontaminated. Approximately 
13 cu yds of contaminated material was moved to Area 5 RWMS for burial. About 

191 cu yds of contaminated equipment was removed from building 3140 in Decem- 

ber. Decontamination of building 3140 was completed in January 1980, and decon- 
tamination of pad 3126, begun in February, was completed five months later. De- 

contamination of building 3125, was started in February, and was completed by the 

end of the fiscal quarter. Twenty cubic yards of contaminated material was removed 
to Area 3 RWMS. Decontamination of the junior hot cell was started in July, and 
finished by the end of August. Conservatively, 837 cu yds of equipment and materi- 

als were surveyed and released to the salvage yard in July. In August, 1,536 cu yds of 

contaminated soil was removed from the R-MAD compound; a smaller amount was 
also removed in September. Approximately 25 cu yds of contaminated equipment 

was removed for buried disposal. In October 1980, those radioactive or contami- 
nated areas within the R-MAD building and compound were secured and posted. 

The decontamination of the R-MAD building and compound was completed. 

Areas still regarded as contaminated after the cleanup operation described 
.above were complete are the R-MAD leachfield and the R-MAD contaminated waste 

dump. 

The R-MAD leachfield was used to dispose of liquid wastes generated primarily 
by decontamination operations.7 This site was opdrated between 1958 and 1973.7 

The only known chemical released was trichlorethene, a solvent. The release of 
radioactive material to the R-MAD leachfield was documented.' With the exception 

of trichlorethene, the type of solvents or degreases released is ukknown.7 Table 2.7.1 
shows the results of a NTS soil sampling analysis of the R-MAD leachfield comp1ex.a 



The R-MAD contaminated waste dump was used to dispose of solid radioactive 
waste material from R-MAD between 1958 and 1979.7 There was no documented or 

suspected releases of non-radioactive hazardous waste at this site.' The surface area 

was cleaned up during the final cleanup of 1980.8 The area is completely fenced and 
access is restricted. Less than 500 Ci of mixed fission products (at the time of burial) 

have been disposed of in this area. Current total inventory is estimated at less than 

20 Ci.16 Waste has been covered with at least 6 ft  of soil.la Table 2.7.2 summarizes 
the results of a NTS soil sampling analysis of the R-MAD contaminated waste 

dump.8 

KNOWN RELEASES 

The following is a general description of the type of radioactive contamination 
that was released during reactor test in the NRDS complex, and is taken directly from 
"NRDS Nuclear Rocket Effluent Program 1959-1970".8 

The reactor effluent has been described under two categories: (1) fission prod- 
ucts which migrated from the fuel into the coolant and were exhausted as gases 

and/or small particulate matter (micrometer size range) - denoted "aerosol efflu- 
ent," and (2) fuel fragments which were exhausted as a result of erosion, corrosion, 

and minor breakage of the fuel elements denoted as "particulate effluent." The 
potential effluent from reactivity insertion or loss of coolant accidents has also been 

considered. The accident effluent has been assumed to be characterized by the aero- 

sol effluent, but has been postulated to be about an order of magnitude greater. 

The biological or health implications of the effluent are evaluated by comparing 
effluent predictions andlor surveillance results to the appropriate radiation protec- 

tion guides. Actual biological effects have not been observed at the low doses associ- 

ated with the effluent from this program. 

The surveillance results indicate that postulated hypothetical thyroid doses have 

been well below (roughly an order of magnitude) the FRC guides and AEC stan- 

dards. The term postulated hypothetical doses refers to theoretical estimates which 
are based on environmental surveillance results (aii, milk, etc.) which assume bio- 

logical for an infant; the critical receptor or person who might receive the 
highest potential dose. 

Results from surveillance for discrete particles indicate that although the admin- 

istrative guide (less than a probability of 10-4 of a person receiving a Krebs' dose of 



TABLE 2.7.1. NTS S O L  SAMPLING ANALYSIS - R-MAD LEACHFIELD. 

Gamma Percent 
Depth Reading Activity Error 

Site Location (cm) ( ~ w h )  Isotope (pCi/gm) (20) Remarks 

Area 25 #1 0-15 410 K-40 22.400 39.8 PRM-6 measurement 
R-Mad Surface Cs-137 493.000 8.4 (maximum surface 
Leachfield contact - 500 pR/h) 

Area 25 #2 0-15 38 K-40 19.200 10.7 PRM-6 measurement 
R-MAD Surface Be-07 1.610 36.2 (maximum surface 
Leachfield Cs-137 1.620 10.7 contact - 500 w h )  

Ra-226 1.040 15.3 
Th-228 1.890 11.3 
Th-232 1.620 17.6 

?' 
Area 25 N Manhole 107-122 2400 Co-60 632.000 9.5 PRM-6 measurement 
R-MAD Bottom Cs-137 21,700.0 8.5 (maximum reading 
Leachfield 3500 pRh at 122 crn) 

Aea 25 Center 229-244 35 K-40 30.500 9.8 PRM-6 measurement 
R-MAD Bottom Ra-226 1.230 13.5 (maximum reading 
Leachfield Th-228 1.660 12.8 42 CcR/h at all depths) 

Area 25 N.W. 107-122 . 40 K-40 29.800 9.9 PRM-6 measurement 
'R-MAD Bottom Ra-226 1.160 13.9 (maximum reading 
Leachfield Th-228 1.740 12.7 42 a h  at all depths) 



TABLE 2.7.2. NTS SOIL SAMPLING ANALYSIS - R-MAD CWD. 
- --- - - 

Gamma Percent 
. Depth Reading Activity Error 

Site Location (cm) (I.LR/h) Isotope (pcilgm) (20) Remarks 

Area 25 Pit #1 234-249 130 
R-MAD Bottom 
CWD 

Area 25 Pit #1 0-15 21 
R-MAD Surface 
CWD 

2 Aea 25 w Pit #1 0-249 42 
R-MALl Tailing 
CWD 

Area 25 Pit #2 198-213 22 
R-MAD Bottom 
CWD 

10.2 PRM-6 measurement 
9.1 (maximum for pit #I) 
8.4 1500 pR/h at 244 cm 

32.3 
41.3 
30.4 

10.3 PRM-6 measurement 
11.3 (maximum for pit #2) 
8.5 42 I.LR/h at all depths 

13.0 
35.7 
21.0 



TABLE 2.7.2. NTS SOIL SAMPLING ANALYSIS - R-MAD CWD (continued). 

Gamma Percent 
- Depth Reading Activity Error 

Site Location (cm) ( m h )  Isotope (~CiIgm) (20) Remarks 

Area 25 Pit #2 0-15 26 K-40 29.500 10.0 
R-MAD Surface Cs-137 1.010 13;3 
CWD Ra-226 1.130 15.6 

Th-228 1.780 11.9 
Th-232 1.690 19.4 

Area 25 
R-MAD 
CWD 

N Area 25 
3 R-MAD 
N 
P CWD 

Area 25 
R-MAD 
CWD 

Area 25 
R-MAD 
CWD 

Pit #2 
Tailing 

Pit #3 
Bottom 

Pit #3 
Surface 

Pit #3 
Tailing 

9.9 PRM-6 measurement 
13.8 (maximum for pit #3) 
11.4 42 pFUh at 213 cm 
23.7 



TABLE 2.7.2. NTS SOIL SAMPLING ANALYSIS - R-MAD CWD (continued). 

Gamma Percent 
- Depth Reading Activity Error 

Site Location (cm) (@) Isotope @Ci/gm) (20) Remarks 
-- - -- -- 

Area 25 #1 259-274 >SO00 Cs-137 98.000 8.4 PRM-6 measurement 
Reactor Bottom 
Test Cell "C" 
Leachfield 

(maximum at #1) >4200 
, pFUh at 244 cm 

Area background - 200 

a h  . 



750 rads) may have been exceeded in unpopulated areas, there have not been any 
reported interactions of particles with people in the off-site area. For the NRX-A6, 

EP-IU test, the probability of 10-4 was exceeded in a populated area, but there was a 
specific operational field effort to request and insure that the off-site populace in the 
area of concern stayed indoors. The guide includes the latitude for use of appropri- 

ate counter-measures. It is concluded that off-site exposures or doses from nuclear 

rocket engine tests a t  NRDS have been below the applicable guides. In general, it is 
felt that the program has been administered and conducted in a credible manner and 

that the results reflect favorably on the management agencies. 

Table 2.7.3 lists all NRDS reactor tests which resulted in airborne radioactivity 
being detected outside the test range complex. 

Figures 2.7.6 through 2.7.12 summarize off-site whole-body gamma exposure 
and infant thyroid doses resulting from reactorlengine tests from 1959 through 1969. 

POTENTIAL FOR DIRECT CONTACT OR FIRE/EXPLOSION HAZARD 

Due to the nature of the waste and the area's remoteness, both the R-MAD 
leachfield and contaminated waste dump represent very small risk of fire and explo- 

sion. Both sites were given a score of 3.89 using the old hazardous ranking system. 

No known fire or explosion has occurred at  this site and wastes are considered to 

be very stable, with no known incompatible mixtures present. 

The distance to the nearest work force population is thought to be 1 to 2 miles. 

Within a two-mile radius, the population is estimated to be less than 100 test site 

workers who are present on a daily basis, but do not live in the area. 

The distance to the nearest building is estimated as 0 to SO ft and there are'less 
.than 26 buildings within a two-mile radius of the site. The adjacent land (1-112 mile 

asway) is used for militarylindustrial purposes. 

The security measures taken for the entire test site plus the fencing and rad-safe 

signs around hazardous sites makes the possibility of direct contact remote. Both 

sites in the R-MAD facility received a score of 0 using the old hazardous ranking 

system. 

No incidents of direct contact are known to have occurred. The test site is 
inaccessible to the general public and has a security guard at  the entrance gate. The 



TABLE 2.7.3. REACTOR ENGINE TESTS AT NRDS FROM WHICH AIR- 
BORNE RADIOACTMTY WAS DETECTED OUTSIDE THE 
TEST RANGE COMPLEX (5)*.  

Maximum 
Chamber Nominal 

Experimental Temperature Power Integrated Power 
ReactorJEngine Plan Date (OR) (Mw) (lo8 Mw-sec) 

Kiwi A XVI 07/01/59 -- 70 0.02 
Kiwi A' VII-116-B 07/08/60 -- 85 0.06 
Kiwi A3 VII-216-B 10/19/60 -- 100 0.06 
Kiwi B-1A VIlA 12/07/6 1 -- 300 0.03 
Kiwi B-1B IV 0910 1/62 -- 800 0.01 
Kiwi B-4A VI 11/30/62 -- 500 0.04 
Kiwi B-4D IV 05/13/64 4280" 915 0.11 
Kiwi B-4E V 08/28/64 4240" 9 14 0.5 
Kiwi B-4E VI 09/10/64 4000" 882 0.18 
NRX-A2 IV 09/24/64 3600 1100 0.3 
NRX-A2 v*.. 10/15/64 -- 0.3 
Kiwi (TNT) 01/12/65 -- -- 0.009 
NRX-A3 IV 04/23/65 4900 1110 0.32 
NRX-A3 V 05/20/65 3940 1080 0.84 
NRX-A3 m... 05/28/65 0.5 
Phoebus-1A IV 06/26/65 4370" 1070 0.74 
NRX-A4/EST IIB*" 02/03/66 2576 442 
NRX-A4/EST I11 03/03/66 4100 1140 0.88 
NRX-A4/EST IV 03/16/66 4000 1100 1.0 
NRX-A4/EST IVA 03/25/66 4150 1200 1.1 
NRX-A5 111 06/08/66 4000 980 1.2 
NRX-A5 IV 06/23/66 4100 1030 1.0 
Phoebus-1B 111 02/10/67 2900" 588 0.14 
Phoebus-1B IV 02/23/67 4500*' 1340 2.6 
NRX-A6 IIIA 12/15/67 4150 1140 4.5 
Phoebus-2A I11 06/08/68 2680" 1930 0.63 
Phoebus-2A IV 06/26/68 4060" 4010 4.5 
Phoebus-2A V/A&B 07/18/68 3900" 3430 2.5 
Pewee-1 I11 12/04/68 4600" 503 1.5 
XE Prime V/C 06/11/69 4200 1070 0.42 
XE Prime IXA 08/28/69 4200 680 0.34 

* Data for experiments prior to 1964 are not included in Reference 5 and are thus unofficial 
estimates. 

* *  Average maximum fuel temperatures. 
* ' *  Data not given in Reference 5. 



FIGURE 2.7.6. Off-Site Whole-Body Gamma Exposures and Infant 
Thyroid Doses Resulting from ReactoriEngine Tests 
from CY 1959 to 1963. 



FIGURE 2.7.7. Off-Site Whole-Body Gamma Exposures and Infant 
Thyroid Doses Resulting from ReactorlEngine Tests 
During CY 1964. 



FIGURE. 2.7.8. 'Off-Site Whole-Body Gamma Exposures and Infant 
Thyroid Doses Resulting from ReactorEngine Tests 
During CY 1965. 





FIGURE 2.7.10. Off-Site Whole-Body Gamma Exposures and Infant 
Thyroid Doses Resulting from ReactortEngine Tests 
During CY 1967. 





FIGURE 2.7.12. Off-Site Whole-Body Gamma Exposures and Infant 
Thyroid Doses Resulting from ReactorEngine Tests 
During CY 1969. 



site itself is fenced, but has no guard. Fencing is not considered adequate to keep out 
small animals and birds. Contaminants are covered by at least 5 ft of soil. 

It is estimated that less than 100 workers are within a one-mile radius of the site 

and critical habitats are not known to exist on the test site. 

POTENTIAL FOR GROUND-WATER RELEASE 

A release to the ground water from the R-MAD leachfield and contaminated 

waste dump is not likely due to the estimated 1,040 ft of unsaturated section to the 

top of the nearest aquifer and the extremely low net precipitation of the area.14 

Permeability of the alluvium is thought to range from to cmlsec. The 

physical state of the wastes is thought to be liquid and wastes are considered uncon- 

rained. 

The ground water is a source of drinking water for up to 100 test site workers. 

Using the old hazardous ranking system to calculate the potential for a release to 

the ground water, the R-MAD leachfield and contaminated waste dump were given a 

score of 2.04. 

NLTMBER OF WELLS A FOUR-MILE RADIUS 

The closest two wells to the R-MAD facilities are approximately 12 miles away. 
Hydrologic flow between the welded tuff aquifer and the deeper carbonate aquifer is 

not suspected. 



POTENTIAL FOR SURFACE WATER RELEASE 

There have been no observed releases to surface waters and no potential exists 
for a release to surface waters at  the R-MAD facilities provided they are not uncov- 
ered by flash floods. The surface water route score is 0. 

The intervening slope is thought to be 3 to 5 percent and the facility slope is less 

than or equal to 3 percent. An ephemeral stream is located within 1,000 ft of the site; 

however, this stream is normally dry and is not utilized. 

The physical state of the wastes is considered to be liquid and covered by at  least 
5 ft of soil with diversion trenches around the site. 

The 2 year, 24 hr rain storm event is approximately 1.0 to 2.0 in. No sensitive 

environments are known to exist on the test site. 

POTENTIAL FOR AIR RELEASES 

Using the old hazardous ranking system the air route for contamination receives 

a score of 0 due to the remote setting of the Nevada Test Site. 

No observed releases to the atmosphere have occurred from the leachfield or 
waste dump nor are any expected. Wastes are not thought to be incompatible or 
reactive. 

It is estimated that 0 to 100 test site workers are within a four-mile radius of the 

site on a daily basis. No sensitive environments are known to exist on the test site. 
Land use is military/industrial. 

THREATS TO FOOD CHAIN AND ENVIRONMENT 

During reactor testing, threats to the food chain were present; however, the 

remaining R-MAD facilities appear to pose little threat to the food chain. Data is 
available on the possibility of deep rooted plant uptake of buried contamination. 

Further studies are required to quantify their threat. 



CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for the R-MAD site and is included in Ap- 
pendix 2.7.A.1. Using the existing HRS system, the site received a migratory score 
of 1.18. 

It is recommended that studies proceed to quantify the possibility of plant up- 

take and to identify the extent of soil contamination. Based upon these data, final 

closure plans should be developed to eliminate further migration of contaminants. 



SJTE SPECIFIC DESCRETION - ENGINE MAINTENANCE, ASSEMBLY AND 
DISASSEMBLY (E-MAD) 

Name of Site - Engine Maintenance, Assembly and Disassembly (E-MAD) 

Contaminated Waste Dump and Leachfield 

Location - Figure 2.7.2 shows the general location of the E-MAD facility within 
the NRDS compound. Figure 2.7.13 is a map of the E-MAD facility. 

HISTORY 

The following is a description of the E-MAD facility taken directly from the 

NRDS Master Plan 1969-1970.6 

The E-MAD Building was used for assembly and preparation of NERVA en- 

gines for testing, refurbishment of radioactively hot engines for additional testing, 
and disassembly and detailed post mortem inspection of tested engines and compo- 
nents. 

The functional requirements for the building involved cold assembly, hot re- 
mote disassembly and reassembly of the major engine components. 

The E-MAD Building was a T-plan, multi-storied structure, 280 ft by 350 ft, 
divided into separated sections based on specific functions and material traffic flow. 
These are: (1) cold assembly area; (2) a hot maintenance and disassembly area; (3) 

post mortem cells; (4) high and low level cells; (5) operating galleries; (6) shop and 

service area; and (7) office area. 

WASTE GENERATION AND DISPOSAL 

The E-MAD facility was not included in the Area 25 cleanup of 1974-1983.2 

.Contaminated areas within the E-MAD facility include: E-MAD contaminated 
waste dump, E-MAD leachfield, and two steel underground storage tanks. 

The E-MAD contaminated waste dump contains solid radioactive contaminated 

wastes generated by operations a t  E-MAD.' Results'from a DOE radiation survey of 

the E-MAD contaminated waste dump and leachfield can be seen in Table 2.7.4. 

According to DOE'S January 8, 1988 environmental survey sampling and analy- 

sis plan,g two steel underground storage tanks at the E-MAD facility may be contami- 

nated with low-level radioactive liquid wastes. Other waste contaminants may also 



FIGURE 2.7.13. E-MAD Coqplex. 



TABLE 2.7.4. NTS SOIL SAMPLING ANALYSIS - E-MAD CWD. 

Gamma 

Site 
.Depth Reading Activity 

Location (cm) (m) Isotope (pcilgm) 

Area 25 #1 168-183 14 K-40 31.300 
E-MAD Bottom Cs-137 34.700 
CWD Ra-226 0.927 

Th-228 1.680 
Th-232 1.650 

Area 25 #I 0-15 11 K-40 29.300 
E-MAD Surface Ra-226 0.964 
ewD Th-228 1.470 

Aea 25 #1 0-183 11 K-40 30.900 
E-MAD Tailing Cs-137 0.445 
CWD Ra-226 0.815 

? Th-228 1.470 
5 
P Th-232 1.360 
0 

Area 25 #2 , 198-213 13 K-40 32.300 
E-MAD Bottom (3-137 17.400 
CWD Ra-226 0.904 

Th-228 1.590 
Th-232 1.370 

Area 25 #2 0-15 12 K-40 30.300 
E-MAD Surface Cs-137 0.184 

- CWD Ra-226 0.865 
Rh-106 0.351 
Th-228 1.510 
Th-232 1.420 

Percent 
Error 
(20) Remarks 

10.0 PRM-6 measurement 
8.5 (maximum reading 

27.4 for >4200~iR/h 
15.8 at 183 cm) 
20.6 

9.2 PRM-6 measurement 
8.5 (maximum reading 

20.5 A200 @Uh at 213 cm) 
12.2 
18.1 



TABLE 2.7.4. NTS SOIL SAMPLING ANALYSIS - E-MAD CWD (continued). 

Site 

- 

Gamma Percent - ~~ ---..... 

Depth Reading Activity Error 
Location (cm) ( a h )  Isotope (~cilgm) (20) Remarks 

Area 25 
E-MAD 
CWD 

Area 25 
E-MAD 
Leachfield 

Area 25 
E-MAD 
Leachfield 

F3 
9 
e 

Area 25 
E-MAD 
Leachfield 

Area 25 
E-MAD 
Leachfield 

#2 0-2 13 
Tailing 

#3 
Standpipe 

#3a 229-244 
Bottom 

#3a 76-91 
Hot Spot 

#3a 0-244 
Tailing 

NO SOIL SAMPLE TAKEN PRh4-6 measurement 
(maximum reading 
70 pRh at 152 cm) 

9.6 PRM-6 measurement 
14.4 (maximum reading 
10.9 42 p R h  at all depths) 
18.3 



TABLE 2.7.4. NTS SOIL SAMPLING ANALYSIS - 33-MAD CWD (continued). 

Site 

Gamma Percent 
Depth Reading Activity Error 

Location (cm) ( m h )  Isotope (~CiIgm) (20) Remarks 

Area 25 #6 
E-MAD Standpipe NO SOIL SAMPLE TAKEN PRM-6 measurement 
Leachfield (maximum reading 

85 pR/h at 305 cm) 

Area 25 #6a 198-213 24 K-40 32.000 9.7 PRM-6 measurement 
E-MAD Bottom Ra-226 0.943 15.7 (maximum reading 
Leachfield Th-228 1.400 11.7 42 @Uh at all depths) 

Th-232 1.640 17.2 

Area 25 #6a 137-152 22 
E-MAD Hot Spot 
Leachfield 

* 
-" 
P 
p3 

Area 25 #6a 0-213 23 
E-h4AD  aili in^ 
Leachfield 

Area 25 #9 
E-MAD Standpipe 
Leachfield 

NO SODL SAMPLE TAKEN PRM-6 measurement 
(maximum reading 
100 p R h  at 305 cm) 



TABLE 2.7.4. NTS SOIL SAMPLING ANALYSIS - E-MAD CWD (continued). 

Site 

Gamma Percent 
' Depth Reading Activity Error 

Location (cm) ( m h )  Isotope @Ci/gm) (20) Remarks 

Area 25 #9a 137-152 24 K-40 32.000 9.7 PRM-6 measurement 
E-MAD Bottom Ra-226 0.909 16.0 (maximum reading 
Leachfield Th-228 1.630 10.7 42 i*R/h at 152 cm) 

Th-232 1.530 17.4 

Area 25 
E-MAD 
Leachfield 

Area 25 
E-MAD 
Leachfield 

N 
? 
e 

Area 25 
E-MAD 
Leachfield 

Area 25 
E-MAD 
Leachfield 

#6a 137-152 
Hot Spot 

#6a 0-2 13 
Tailing 

#9a 137-152 
Bottom 

NO SOIL SAMPLE TAKEN PRM-6 measurement 
(maximum reading 
100 pRh at 305 cm) 

9.7 PRM-6 measurement 
16.0 (maximum reading 
10.7 42 pR41 at 152 cm) 
17.4 



be present. During the late 19601s, the E-MAD facility was used to assemble and 
disassemble nuclear rocket engines for testing. Radioactive liquid wastes, and possi- 

bly non-radioactive liquid wastes, were generated. It was reported to the survey team 

that these two USTS were likely used for the storage of liquid wastes. When opened 
in 1988, these tanks were empty. The tanks may be buried as deep as 20 ft below the 

surface. 

KNOWN RELEASES 

Specific known releases for each site are not known, a general discussion of 
NRDS known releases is covered in the "Known Releases" section of R-MAD. 

POTENTIAL FOR DIRECT CONTACT OR FIRE/EXE'LOSION HAZARD 

As a result ,of general NTS security measures and on-site precautions such as 
fencing and radiation warning signs, little chance of direct contact exists. 

No incidents of direct contact are known to have occurred. The test site is 

inaccessible to the general public and has a security guard at the entrance gate. The 
site itself is fenced, but has no guard. Fencing is not considered adequate to keep out 
small animals and birds. Contaminants are covered by at  least 5 ft of soil. 

It is estimated that less than 100 workers are within a one-mile radius of the site. 

No critical habitats are known to exist on the test site. 

Due to the nature of the wastes at E-MAD, little chance of fire and explosion 

exists. If such an event did occur, the risk of personal injury would be small due to 

the remoteness of the area. 

No known fire or explosion has occurred at  this site and wastes are considered to 

be very stable, with no known incompatible mixtures present. 

The distance to the nearest work force population is thought to be 1 to 2 miles. 

Within a two-mile radius the population is estimated to be less than 100 test site 

workers who are present on a daily basis, but do not live in the area. 

The distance to the nearest building is thought to be 0 to 50 ft and it is estimated 

that up to 26 buildings are located within a two-mile radius of the site. The adjacent 

land (1-1/2 miles away) is used for military/industrial purposes. 

P O T E W  FOR GROUND-WATER RELEASES 



As with the P-MAD facility, risk of release to the ground water from the E- 

MAD facilities is not likely due to the estimated 1,040 ft of unsaturated section to the 
top of the nearest aquifer and the extremely low net precipitation of the area.' 

Permeability of the alluvium is thought to range from to crntsec. The 

physical state of the wastes is thought to be liquid and wastes are considered uncon- 

tained. 

The ground water is a source of drinking water for up to 100 test site workers. 

NUMBER OF WELLS WITHIN A FOUR-MILE RADIUS 

The closest wells are approximately 12 miles away in Fortymile wash.' 

POTENTIAL FOR SURFACE WATER RELEASES 

Little or no potential exists for a release to surface waters at  the E-MAD facili- 

ties. 

The intervening slope is thought to be 3 to 5 percent and the facility slope is less 
than or equal to 3 percent. An ephemeral stream is located within 1,000 ft of the site; 

however, this stream is normally dry and is not utilized. 

The physical state of the wastes is considered to be liquid and is covered by at  

least 5 ft  of soil with diversion trenches around the site. 

The 2 year, 24 hr rain storm event is approximately 1.0 in. No sensitive environ- 

ments are known to exist on the test site. 

. . 

POTENTIAL FOR AIR RELEASES 

Using the old hazardous ranking system, the air route for contamination at  the 

E-MAD facilities receives a 0 due to the remote setting of the Nevada Test Site. 

No observed releases to the atmosphere have. occurred nor are any expected. 
Wastes are not thought to be incompatible or reactive. 

It is estimated that 0 to 100 test site workers are within a 4-mile radius of the site 

on a daily basis. No sensitive environments are known to exist on the test site. Land 

use is militarylindustrial. 



THREATS TO THE FOOD CHAIN/ENVIRONMENTS 

During reactor testing, threats to the food chain were present. The remaining 
E-MAD facilities appear to pose few threats to the food chain, derived mainly from 
the possibility of uptake of waste by deep rooted plants or burrowing animals. Data 
is presently insufficient to accurately assess these threats. 

CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for the E-MAD facility and is included in 
Appendix 2.7.A.2. The E-MAD facilities scored a migratory score of 1.18. 

Additional data is required to assess the possible migration of radionuclides in 

the soil. Further studies should be conducted to quantify the volume of contaminated 

soil, its potential for uptake, and the soil moisture flux. Based upon these data, final 

closure plans may be developed. 



SITE SPECIFIC DESCRIPTION - TEST CELL " A  

Name of Site - Test Cell "A" 

Location - Figure 2.7.2 shows the location of Test Cell-A within the NRDS 
complex. The major facilities and floor plan of Test Cell-A are shown in Figures 
2.7.14 and 2.7.15. 

HISTORY 

The following is a description of the Test Cell "A" facility taken directly from 

the NRDS master plan 1969-1970.8 

Test Cell "A" is designed for testing of nuclear rocket reactors. The reactors are 

mounted on a railroad car and fired upward. The design thermal power is 1,000 MW. 

Liquid hydrogen was used to cool the reactor and the resulting hot gaseous 

hydrogen is exhausted through a converging-diverging nozzle. 

WASTE GENERATION AND DISPOSAL 

The radioactive waste present at Test Cell A was generated by gaseous and 
particulate emissions from nuclear rocket tests. The waste material includes fuel 
particles from the rocket and activated elements as well. 

The following is a description taken directly from "Nevada Test Site Area 25, 

Radiological Survey and Cleanup Project," 1974-1983.2 

The survey of contamination levels at  Test Cell "A" complex proceeded with all 
the rooms in the test cell building and distribution building, a contaminated storage 

area, the access tunnel, and associated facilities. Exposure rates near-contact and at 
1 m from each item or location were determined by PIC-6A and E-520 portable 
instrument surveys. Swipe samples were taken from floors, walls, equipment, and 
associated items. 

The highest level of removable contamination was located on a railroad tract at 
the reactor pad (2.15 x 104 dpd100  cm2 beta plus gamma, 32 d p d 1 0 0  cm2 alpha). 
The maximum exposure rate, 150 mR/hr open shield, was observed in an expansion 

joint of the Dewar area concrete pad. Additionally, a land survey outside the fenced 

area, from the fence outward to 1,000 ft at  45O and 100-ft intervals indicated no 

significant radioactivity. 



. rrrqc 

FIGURE 2.7.14. Test Cell "An Complex. 



FIGURE 2.7.15. Test Cell "A" Floor Plan. 



Accessible activated metal railroad tracks, braces and light poles were easily 
removed; however, a concrete scrabbler was necessary to strip contaminated con- 

crete. 

Contaminated and activated materials which included the surface concrete 
chips from the pad were transported to the Area 3 RWMS for buried disposal. Decon- 

tamination work on the Test Cell "A" area was suspended temporarily in order that 

Test Cell "C" decontamination could proceed (prompted by potential project use of 
Test Cell "C" facilities). Cleanup was resumed with a total of 34 cu yds of radioac- 

tive debris consigned to Area 3 or Area 5 RWMS for disposal. Localized, activated 

areas in the reactor building area, outbuildings inside the complex, and the tunnels 
were decontaminated. 

During the final survey of the test cell, radioactive contamination was discov- 

ered under the roofing material on the main building. Because the roofing material 
was badly disintegrated, removal would be required prior to use of the facility. Due to 

funding limitations, access to the roof was restricted with warning signs and barri- 

cades to complete the decontamination effort. 

An area still regarded as contaminated after the cleanup operations were com- 
pleted is the Area 25, Test Cell "A" leachfield (see Table 2.7.5). This leachfield was 

used for the disposal of liquid waste from Test Cell "A," The liquid waste was 
generated primarily by decontamination operations.' A chemical laboratory used in 

conjunction with equipment testing could also have contributed to the liquid waste , 

stream.' This site was operational between 1958 and 1966.7 The Test Cell "A" 
I leachfield is known to contain radioactive material.7 Suspected non-radioactive ma- 

terials released include solvents, degreasers, acids, etc.7 The types and quantities of 

chemical waste released to the Test Cell "A" leachfield is unknown.7 

KNOWN RELEASES 

Specific releases for each site are not known. A general discussion of NRDS 
known releases is covered in the "Known Releases" section of R-MAD. 

P O T E m  FOR DIRECT CONTACT OR FIRE/EXPLOSION HAZARD 

As a result of the general security measures of the Nevada Test Site and on-site 
precautions such as fencing and radiation warning signs, little chance of direct con- 
tact exists. 



TABLE 2.7.5. NTS SOIL SAMPLING ANALYSIS - TEST CELL A LEACHFIELD. 

Gamma . . Depth Reading 
Site Location (cm) (mh) Isotope 

Area 25 N.W. 107-122 40 K-40 
Reactor Bottom Cs-137 
Test Cell "A" Ra-226 
Leachfreld Th-228 

Th-232 

Percent 
Activity Error 
(~Cifgm) (20) Remarks 

Area 25 N.E. 107-122 42 K-40 40.700 9.6 
Reactor Bottom Ra-226 1.270 14.1 
Test Cell "A" Th-228 2.410 10.4 
Leachfield Th-232 2.180 17.0 

Area 25 S.E. 107-122 42 K-40 44.000 9.5 
Reactor Bottom Ra-226 1.280 14.8 
Test Cell "A" Th-228 2.600 10.6 
Leachfield Th-232 2.800 14.7 

Area 25 S.W. 107-122 42 K-40 31.500 9.8 PRM-6 measurement 
Reactor Bottom Ra-226 1.160 14.2 (maximum reading 
Test Cell "A" Th-228 2.170 10.8 350 I.LR/h at 61 cm) 
Leachfield 

Area 25 S.W. 46-61 42 K-40 31.900 9.8 
Reactor Hot spot Ra-226 1.310 13.6 
Test Cell "A" Th-228 2.300 10.6 
Leachfield 



TABLE 2.7.5. NTS SOIL SAMPLING ANALYSIS - TEST CELL A LEACHFIELD (continued). 

Gamma Percent 
Depth Reading Activity Error 

Site Location (cm) (@h) Isotope (pcilgm) (20) Remarks 

Area 25 S.W. 0-122 42 K-40 33.400 9.8 
Reactor Tailing Co-57 0.207 30.5 
Test Cell "A" Cs-137 0.171 42.5 
Leachfield Ra-226 1.230 14.2 

Th-228 1.880 12.0 
Th-232 2.190 15.3 



No incidents of direct contact are known to have occurred. The test site is 
inaccessible to the general public and has a security guard at  the entrance gate. The 
site itself is fenced, but has no guard. Fencing is not considered adequate to keep out 
small animals and birds. Contaminants are covered by at  least 5 ft of soil. 

It is estimated that less than 100 workers are within a one-mile radius of the site. 

No critical habitats are known to exist on the test site. 

Due to the nature of the waste, the chance of fire or explosion is small. 

No known fire or explosion has occurred at this site and wastes are considered to 

be very stable, with no known incompatible mixtures present. 

The distance to the nearest work force population is thought to be 1 to 2 miles. 

Within a two-mile radius the population is estimated to be less than 100 test site 
workers who are present on a daily basis, but do not live in the area. 

The distance to the nearest building is thought to be 0 to 50 ft and it is estimated 
that 26 buildings are located within a two-mile radius of the site. The adjacent land 
(1-112 miles away) is used for militarylindustrial purposes. 

POTENTIALS FOR GROUND-WATER RELEASES 

The ground-water release route represents a method for a leak to the environ- 

ment. As described earlier, owing to the great depth to the aquifer of concern (1,040 
ft), and the extremely low net precipitation, ground-water contamination is not 
likely.7 

Permeability of the alluvium is thought to range from to lo-' cmtsec. The 
physical state of the wastes is thought to be liquid and wastes are considered uncon- 

. tained. 

The ground water is a source of drinking water for up to 100 test site workers. 

NUMBER OF WELLS WITHIN A FOUR-MILE RADIUS 

The closest wells to the Test Cell "A" facility are approximately 12 miles away.' 



POTENTIAL FOR SURFACE WATER RELEASES 

Little or no potential for a surface water release exists at the Test Cell "A" 

facility. 

The intervening slope is thought to be 3 to 5 percent and the facility slope is less 
than or equal to 3 percent. An ephemeral stream is located within 1,000 ft of the site; 

however, this stream is normally dry and is not utilized. 

The physical state of the wastes is considered to be liquid and is covered by at 

least 5 ft  of soil with diversion trenches around the site. 

The 2 year, 24 hr rain storm event is approximately 1.0 in. No sensitive environ- 
ments are known to exist on the test site. 

POTENTIAL FOR AIR RELEASES 

Air releases to the environment did occur during testing. No further risk of an 

air release exists. 

Wastes are not thought to be incompatible or reactive, 

It is estimated that 0 to 100 test site workers are within a four-mile radius of the 

site on a daily basis. No sensitive environments are known to exist on the test site. 
Land use is military/industrial. 

THREATS TO THE FOOD CHAIN/ENVIRONMENT 

During reactor testing, threats to the food chain did exist, however, data is not 

available on the potential for uptake of radionuclides from the contaminated soils. 

CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for the Test Cell "A" facility and is included 
in Appendix 2.7.A.3. Based upon the existing HRS system, Test Cell "A" scored 

13.86 on the migratory scale due to airborne releasesduring reactor testings. Present 

migration paths are believed to be limited to ground water and uptake by plants, 

however. 

Follow-up site investigation is recommended. As with all of the NRDS sites, the 

possibility of a release to the ground water should be further investigated. The vol- 



ume of liquid and solid waste dumped is unknown; therefore, it is not possible to 
calculate the depth of contaminant migration. The depth of contaminant infiltration 

should be determined so that the possibility of ground-water contamination could be 
better evaluated. Studies should also be undertaken to determine the potential for 
plant and animal uptake. 



SITE SPECIFIC DESCRIPTION 

Name of Site - Test Cell "C" 

Location - Figure 2.7.2 shows the general location of Test Cell-C within the 
NRDS compound. Figure 2.7.16 shows the major facilities of Test Cell-C. 

HISTORY 

The following is a description of the Test Cell "C" facility taken directly from 

the NRDS master plan 1969-1970.8 

Test Cell "C" is designed for testing of nuclear rocket reactors. The reactors are 
mounted on a railroad car and fired upward. The design thermal power is 10,000 

MW. 

Liquid hydrogen was used to cool the reactor and the resulting hot gaseous 

hydrogen is exhausted through a converging, diverging nozzle. 

WASTE GENERATION AND DISPOSAL 

The waste at Test Cell C was generated during test runs to nuclear rockets. 

Contaminants consisted of activated gases and nuclear fuel particulates emitted from 
the exhaust of the reactors. 

The following is a description taken directly from "Nevada Test Site Area 25, 
~adiological Survey and Cleanup Project, 1974-1983.2 

The Test Cell "C" survey included ten rooms in the test cell building, ten other 
buildings in the complex, eight dewars, the tank farm, the pipe area, and test cell 

concrete. Some 5,616 swipe samples were taken for analysis. A removable beta plus 

gamma contamination level of 4.45 x 104 dpmI100 cm2 was observed on the floor in 
.pipe area on the east side of the reactor pad. A removable alpha contamination level 

of 5 x 102 dpm 100 cmz was observed on the concrete pad in the reactor area. A 
maximum exposure rate of 42 mR/hr open shield was observed in the same area. 

Decontamination of Test Cell "C" began with the removal of contaminated tar 
from expansion joints in the cement from the dewar area. Approximately 39 cu yds 

of such material and another 22 cu yds of contaminated equipment were transported 

to the Area 3 RWMS for buried disposal. The removal of 540 linear ft of railroad 
track set in reinforced concrete presented a problem when equipment and materials 





were found to be activated, rather than contaminated. A significant cost increase 
developed in the removal and disposal of these items. The cleanup was completed 
with a total of 127 cu yds of contaminated debris and equipment removed to buried 
disposal from Test Cell "C". Induced actidty and internal fission product contami- 
nation were discovered in relatively inaccessible areas, such as piping and valves. 

These areas were posted with warnings of existing hazards. 

Contamination at  the Test Cell "C" TNT site resulted from deposition from a 

single, planned reactor excursion that left small solid fuel fragments over the terrain. 

During the area survey fuel element fragments were found embedded at  and near the 
surface of the wash (water flow channel) adjoining the railroad trestle from which the 
test was conducted. Survey, staking, and soil sampling was accomplished with a 
ground grid survey on 20-ft centers for approximately 400 ft north and 400 ft south 
of the concrete pad on the rail trestle that was the site of the test. Two hundred soil 
profile samples were collected from six 4-ft deep sample holes to verify that fuel 
element debris was restricted to the surface (Figure 2.7.17). Soil activity was in the 

10" to pCi/g range with the maximum of about pCi/g. 

Most of the land area decontamination involved the removal of small areas of 
surface soil by hand shovel. Front end loaders and road graders were used to remove 

two large piles of fuel element debris. Some 2,340 cu yds of contaminated s6il was 

removed and sent to Area 3 RWMS for burial. Soil samples and survey results 

indicated that surface contamination had been removed. 

Areas not decontaminated were the Test Cell "C" leachfield, surface filter tanks 

and' surface storage tank. 

The Test Cell "C" leachfield was used to dispose of liquid waste generated by 

the decontamination of test reactors and the cleaning of stainless steel pipe in Test 
Cell "C."7 

The liquid waste released (to the leachfield) contained radioactive material, i.e., 

fission products, as  well as chemical solvents used during the decontamination and 

cleaning.7 The only known solvent used was trichtorethene, although the quantity 

released is unknown.7 With the exception of trichlorethene, the type and quantity of 
chemical waste released to the Test Cell "C" leachfield is unknown.' 

The point of injection in the leachfield is about 6 f t  below-ground level, to pre- 
vent nuclides from being liberated by such mechanisms as resuspension by wind and 



FIGURE 2.7.17. TNT Land Radiation Survey. 



plant uptake.18 Also, diversionary channels are located around the leachfield to con- 
trol any possible erosion by flash floods.14 

Several studies have been conducted to determine the distribution of liquid ra- 
dioactive waste from leachfields, the rate of flow through the alluvium, and the depth 

of penetration. Results show that the radioactive material is retained by ion ex- 

change within a few feet of the point of injection.14 However, available exchange 

sites will eventually be used up allowing deeper infiltration of radionuclides. 

Later sampling indicated that the leachfield contains primarily cesium-137 

(7.35 x 10-1 pCi/gm).e 

Two surface filter tanks in the Test Cell "C" complex measured a maximum of 
50 mRIhr on contact with the top of the tanks.8 Historical information indicates that 

the tanks should be contaminated primarily with cesium-137 and strontium-90.8 
The tanks are presently enclosed within a 10-ft tall earthen berm.8 

The surface storage tank of the Test Cell "C" complex measures 5 mRfhr at  
contact with the side.8 Content is unknown at this time. Six underground storage 
tanks are also present however, the contents of these tanks are unknown. 

KNOWN RELEASES 

The general known releases of Area 25 have already been described under the 
"Known Releases" section of R-MAD. 

POTENTIAL FOR DIRECT CONTACT OR FIREEXPLOSION HAZARD 

It is not believed that any serious danger exists from direct contact or fire and 
explosion. 

No known fire or explosion has occurred at  this site and wastes are considered to 

.be very stable, with no known incompatible mixtures present. 

The distance to the nearest work force population is on-site as Test Cell C is 

currently used as office space by the U.S. Geological Service. Within a two-mile 
radius the population is estimated to be less than 100 test site workers who are pre- 

sent on a daily basis, but do not live in the area. 

The distance to the nearest building is thought to be 0 to 50 ft and it is estimated 

that up to 26 buildings are located within a 2-mile radius of the site. The adjacent 

land (1-112 miles away) is used for military/industrial purposes. 



No incidents of direct contact are known to have occurred. The test site is 
inaccessible to the general public and has a security guard at the entrance gate. The 
site itself is fenced, but has no guard. Fencing is not considered adequate to keep out 
small animals and birds. Contaminants are covered by at  least 5 ft of soil. 

It is estimated that less than 100 workers are within a 1-mile radius of the site. 

No critical habitats are known to exist on the test site. 

POTENTIALS FOR GROUND-WATER RELEASES 

As with the other areas of Area 25, ground-water contamination is not likely to 

occur due to the great depth to the water table (1040 ft), and the extremely low net 
precipitation. 

Permeability of the alluvium is thought to range from to cmlsec. The 

physical state of the wastes is thought to be liquid and wastes are considered uncon- 

tained. 

The groundwater is a source of water for up to 100 test site workers. 

NUMBER OF WELLS WEHCN A FOUR-MILE RADIUS 

The closest wells to Test Cell "C" are 12 miles away, located in Fortymile wash.' 

POTENTIAL FOR SURFACE WATER RELEASES 

No apparent risk of a release to surface water exists at  any of the Test Cell "C" 
sites. 

The intervening slope is thought to be 3 to 5 percent and the facility slope is less 
than or equal to 3 percent. An ephemeral stream is located within 1,000 ft of the site; 

' however, this stream is normally dry and has no use. 

The physical state of the wastes is considered to be liquid and is covered by at  

least 5 ft of soil with diversion trenches around the site. 

The 2 year, 24 hr rain storm event is 1.0 to 2.0 in. No sensitive environments are 

known to exist on the test site. 



POTENTIAL FOR AIR RELEASES 

Radioactive releases to the atmosphere occurred during reactor testing, how- 

ever, no further risk of releases to the atmosphere are expected. No releases from 

the waste disposal sites have been observed. 

Wastes within the leachfield are not thought to be incompatible or reactive. 

It is estimated that 0 to 100 test site workers are within a 4-mile radius of the site 

on a daily basis. No sensitive environments are known to exist on the test site. Land 

use is militarylindustrial. 

THREATS TO THE FOOD CHAINENVIRONMENT 

Threats to the food chain existed during nuclear reactor testing: no further 

threats to the food chain are thought to exist. 

As described in previous sections, the most plausible threat to the food chain 

exists through the ground-water contamination route. Ground-water contamination 

is not considered likely due to the low net precipitation and great depth to the aquifer 

of concern. 

CONCLUSION AND RECOMMENDATIONS 

A preliminary HRS was conducted for the Test Cell "C" facility and is included 

in Appendix 2.7.A.4. Based upon the existing HRS system, the site received a migra- 

tory score of 26.48 due to the atmospheric releases of radioactivity during operation. 
Further migration however, is most likely through uptake and dispersal by deep 
rooted plants. Due to the existing worker population at  Test Cell C, the potential for 

fire and explosion is 7.22 although the materials buried are not believed to be com- 

bustible due to their dispersed nature. 

As with other burial sites in Area 25, further data is needed on the extent of 

contamination and the possibility for further migration. 



SITE SPECIFIC DESClUFTION 

Name of Site - 401 Maintenance Assembly and Disassembly (MAD) Facility of 
Area 26. 

Location - The 401 MAD facility is located northeast of the NRDS in Area 26 of 
the NTS between Nevada Grid Coordinates N 747,000, N 759,000, E 645,000 and E 

666,000 (Figure 2.7.2). 

HISTORY 

The Lawrence Livermore Laboratory conducted six experimental tests involving 
development of a nuclear reactor as a ramjet engine as a part of Project Pluto. 

Between 1961 and 1964, four tests of the Tory IIA and two tests of the Tory IIC 

nuclear reactors were conducted. 

WASTE GENERATION AND DISPOSAL 

Radioactive wastes were generated during the Tory IIA and Tory IIC reactor 
tests. Quantities of wastes generated are not known. Radiation surveys were con- 
ducted after each reactor test.12313 The results of the surveys indicated that for the 

Tory IIA tests dose rates in mWhr at a distance of 4,000 ft averaged 0.1 mWhr and 

were as high as 1,000 mR/hr within a few tens of feet of the reactor stand. Within 

three days the readings within 1,000 ft were typically down to 0.1 mRlhr.13 

Maximum activities recorded for the Tory IIC reactor tests were approximately 

108 pCi mintma and less than 108 pCi minim2 at  4,000 ft.12 

A pdioactive leachfield was constructed adjacent to the disassembly building to 

handle radioactive and possible chemical solvents generated from these tests. The 
quantities of wastes generated are not known.' 

A contaminated waste dump containing high level waste, including fuel ele- 

ments was generated by operation of the Tory reactors. The site was operational 
from 1959 to 1964.7 There was no documented or suspected release of non-radioac- 

tive hazardous waste at  this site.' 

During a survey for underground contaminants on the NTS, the DOE conducted 

a radiological survey of the above mentioned leachfield and contaminated waste 

dump.8 The results of this survey are presented in Table 2.7.6. 



TABLE 2.7.6. NTS SOIL SAMPLES DATA RESULTS. 

Site 

Gamma Percent 
Depth Reading Activity Error 

Location ( 4  ( P W  Isotope @Ci/gm) (20) Remarks 

Area 26 #1 229-244 19 K-40 28.700 9.9 PRM-6 measurement 
Tory Reactor Bottom Ra-226 1.110 15.0 (maximum reading 
401 CWD Th-228 1.590 12.5 42 pRlh at all depths) 

Th-232 1.750 17.6 

Area 26 #1 
Tory Reactor Surface 
401 CWD 

Area 26 #1 
Tory Reactor Tailing 

P' 401 CWD 
5 
rn 
P 

Area 26 #2 - 
Tory Reactor Bottom 
401 CWD 

10.1 PRM-6 measurement 
13.4 (maximum reading 
13.0 42 pRih at all depths) 
18.4 

Area 26 #2 0-15 17 K-40 27.500 10.0 
Tory Reactor Surface Ra-226 1.270 13.6 
401 CWD Th-228 1.610 12.5 

Th-232 1.880 15.6 



TABLE 2.7.6. NTS S O L  SAMPLES DATA RESULTS (continued). 
- - - 

Gamma Percent 
.Depth Reading Activity Error 

Site Location (cm) (@) Isotope (~CiIgm) (20) Remarks 

Area 26 #2 
Tory Reactor Tailing 
401 CWD 

Area 26 #1 
Tory Reactor Surface 
401 Leachfield 

Area 26 Center 
Tory Reactor Bottom 
401 Leachfield 

Area 26 Center 
3 Tory Reactor Surface 
2 401 Leachfield 
vl 

Area 26 Centei 
Tory Reactor Tailing 
401 Leachfield 

Area 26 N.W. 
Tory Reactor Bottom 
401 Leachfield 

11.5 PRh4-6 measurement 
16.2 (maximum reading 
31.0 42 CIR/h at 61 cm) 

11.3 PRh4-6 measurement 
26.6 (maximum reading 
13.3 38 pR/h at 61 cm) 
19.9 
25.3 



TABLE 2.7.6. NTS SOIL SAMPLES DATA RESULTS (continued). 

Gamma 
-Depth Reading 

Site Location (cm) ( W h )  Isotope 

Area 26 N.W. 0-15 18 K-40 
Tory Reactor Surface Cs-137 
401 Leachfield Ra-226 

Th-232 

Area 26 N.W. 0-122 18 K-40 
Tory Reactor Tailing Cs-137 
401 Leachfield Ra-226 

Th-228 
Th-232 

Area 26 N.E. 107-122 16 K-40 
Tory Reactor Bottom Ra-226 

E3 401 Leachfield ? Rh-106 
m 
o\ Th-228 

Th-232 

Area 26 N.W. 0-15 19 K-40 
Tory Reactor Surface Cs-137 
401 Leachfield Ra-226 

Th-228 

Area 26 N.E. 0-122 16 K-40 
Tory Reactor Tailing Ra-226 
401 Leachfield Th-228 

Percent 
Activity Error 
(~Cilgm) (20) Remarks 

11.2 PRM-6 measurement 
12.9 (maximum reading 
25.3 38 CLR/h at 61 cm) 
17.2 
33.7 



TABLE 2.7.6. NTS SOIL SAIVPLES DATA RESULTS (continued). 

Gamma 
' Depth Reading 

Site Location (cm) (Wh)  Isotope 
Activity 
(pCi/gm) 

Area 26 S.E. 
Tory Reactor Bottom 
401 Leachfield 

Area 26 S.E. 
Tory Reactor Surface 
401 Leachfield 

Area 26 S.E. 

N 
Tory Reactor Tailing 
; 401 Leachfield 
b\ 
.I 

Area 26 S.W. 
Tory Reactor Bottom 
401 LeachF~eld 

Area 26 S.W. 
Tory Reactor Surface 
401 Leachfield 

Percent 
Error 
(20) Remarks 

14.4 PRM-6 measurement 
21.0 (maximum reading 
15.3 40 pRh at 61 cm) 
29.0 

11.2 PRM-6 measurement 
15.6 (maximum reading 
12.7 40 p R h  at 61 cm) 
19.5 



TABLE 2.7.6. NTS SOIL SAMPLES DATA RESULTS (continued). 

Gamma Percent 
Depth Reading Activity Error 

Site Location (cm) ( W h )  Isotope @Ci/gm) (20) Remarks 

Area 26 S.W. 0-122 17 K-40 31.500 9.9 
Tory Reactor Tailing Cs-137 0.219 31.7 
401 Leachfield Ra-226 0.121 14.4 

Th-228 1.630 12.3 

Area 26 #1 15-30 13 K-40 25.700 9.4 All samples counted for 
Tory Reactor Bottom U-235 18.100 9.1 200 minutes 
401 Leachfield Cs-137 0.380 15.4 
Surface Clean-up Th-228 1.850 9.8 

Th-232 1.440 15.3 

Area 26 #1 0-8 12 K-40 28.600 9.2 
Tory Reactor Surface 

t4 
CS-137 4.940 8.8 

3 401 Leachfield Ra-226 1.440 11.4 
Surface Clean-up Th-228 1.440 11.3 

Th-232 1.560 14.3 

Area 26 #2 0-3 12 K-40 26.900 10.3 
Tory Reactor Surface Cs-137 0.811 14.4 
401 Leachfield Ra-226 1.110 15.9 
Surface Clean-up Th-228 1.840 11.1 

Th-232 1.630 19.5 



KNOWN RELEASES 

Known releases to the atmosphere occurred during Tory reactor tests in Area 

26. Dose rates from these tests were typically as low as 0.1 mWhr within 4,000 ft of 

the test, thus probably posing no threat to off-site populations.12 

POTENTIAL FOR DIRECT CONTACT OR FIRE AND EXPLOSION HAZARD 

Due to the inaccessibility of the 401 leachfield and contaminated waste dump, 

afforded by the general security measures of the NTS and the protective fencing and 

warning signs around each facility, little chance of direct contact exists. 

No known incidents of direct contact have occurred at  this site. It is estimated 

that there are no workers within a 1-mile radius of the site. No known critical habi- 
tats are present on the test site. Contaminants are covered by at  least 5 ft  of soil. 

Little risk is thought to exist for fire and explosion. 

No known incidents of fire and explosion have occurred and wastes are thought 
to be very stable, containing no incompatible mixtures. 

The distance to the nearest population is thought to be greater than 2 miles. The 
population within a 2-mile radius is zero. 

It is estimated that less than 26 buildings are located within a two-mile radius of 

the site, with the closest building estimated to be less than 50 ft away. 

No sensitive environments are known to exist on the test site. The adjacent land 

is used for military/industrial purposes. 

POTENTIAL FOR GROUND-WATER RELEASE 
- 

The potential for a ground-water release is thought to be the most probable 
environmental threat at  the 401 h4AD facility of Area 26. 

No observed release to ground water has occurred. The aquifer of concern is 80 
to 180 ft below the surface and is currently unused. Net precipitation is less than zero 

and the permeability of the alluvium is thought to range from to cmlsec. 

The physical state of the wastes is thought to be liquid and is considered uncon- 

tained. 



NUMBER OF WELLS W T H N  A FOUR-MILE RADIUS 

Twelve wells were drilled within 4 miles of the site for the purpose of lithologic 

and petrologic analysis. In some of these wells a perched aquifer was penetrated with 
a water level ranging from 80 to 180 ft below the surface.11 

Data regarding the interconnectedness of aquifers were not located during the 

literature search phase of this report. 

POTENTIAL FOR SURFACE WATER RELEASE 

A potential for releases to surface waters is not thought to be present, owing to 
the absence of surface water. The intervening slope is thought to be 3 to 5 percent 
and the facility slope is less than 3 percent. 

The 2 year, 24 hr rain storm event is estimated as 1.0 in. Ephemeral streams are 

common in the area, but rarely contain water and are not utilized for any purpose. 

Wastes are considered to be in the liquid state and are covered by at least 5 ft of 
soil with diversion trenches around the sites. 

The surface water contamination route was given a zero for the Area 26 facili- 
ties. 

POTENTIAL FOR AIR RELEASE 

Air releases occurred only during actual reactor tests. No further potential for 

releases to the air is thought to be present. No known releases have occurred from 
the waste disposal sites. 

Remaining wastes are not thought to be incompatible or reactive. 

There is no population within a 4-mile radius of this site and sensitive environ- 

ments are not known to exist on the test site. 

Land use is military/industrial. 

THREATS TO THE FOOD CHAIN/ENVIRONMENT 

Damage to the environment may have occurred during testing of the nuclear 

ramjets, however, this damage already incurred is not likely to happen again. Data is 
insufficient to determine if migration of radionuclides via plants is a likely pathway. 



CONCLUSION AND RECOMMENDATIONS 

The most serious environmental threat appears to be the potential for ground- 
water contamination. This is a more realistic threat than in Area 25 due to the 

presence of a perched water table ranging from 80 to 180 ft below the surface. 

The leachfield may represent a more serious problem since liquid waste was 
disposed of here and thus, deep infiltration is possible. The depth of contaminant 
infiltration cannot be estimated since volumes of liquid disposed of in the leachfield 

are not known. 

Ground-water contamination at  the contaminated waste dump site is less likely 
since it is thought tb contain solid waste. 

No information could be found regarding the Area 26 Horn Silver Mine shaft or 
the storage tanks within 401 MAD building. 

A preliminary HRS was conducted for the 401 MAD facility and is included in 
Appendix 2.7.A.5. Based upon the existing HRS system, the migratory score for the 
site was 1.72, primarily due to the absence of worker population presently using the 
facility. 
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APPENDIX 2.7.A. 1 
HRS, WORKSHEETS 

R-MAD CONTAMINATED 
WASTE DUMP AND LEACHFIELD 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (c~rcle one) plier Score Score (Section) 

1 
Containment 0 3 1 1 3 7.1 

L 
Waste Characteristics 

Direct Evidence 0 3 

Ignitabilitp 8 1  2 3 

Reactivity @ 1 2  3 

Incompatibility 8 1  2 3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 m  1 8 8 

Total Waste Characteristics Score 8 20 

Targets 

Distance to Nearest 0 0 2 3 4 5  
Population 

Distance to Nearest 0 1 2 @ 
Building 

Distance to Sensitive @ 1 2 3 
Environment 

Land Use 0 0 2  3 

Population Within 0 0 2  3 4 5 
2-Mile Radius 

Buildings Within 0 0 2  3 4 5 
' 2-Mile Radius 

Total Targets Score 

4 
Multiply 1 x 2 x 3 

5 
Divide line 4 by 1,440 and multiply by 100 sFE = 3.89 



DIRECT CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release @ 45 1 0 45 8.1 

If observed release is given a score of 45, proceed to 'line 4. 

If observed release is given a score of 0, proceed to line 2 .  

Accessibility 0 0 2  3 1 1 3 ,  8.2 

3 
Containment 8 15 i 0 15 8.3 

waste Characteristics 8.4 
Toxicity 0 1 2 0  5 15 1.5 

Targets 8.5 

Population Within 0 0 2  3 4 5 4 4 20 
a l-Mile Radius 

Distance to a 8 1  2 3 4 0 12 
Critical Habitat 

Total Targets Score 4 32 

61f line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 21,600 

I 
Divide line 6 by 21,600 and multiply by 100 SD, = 0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release - 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Depth to Aquifer 

of Concern a 1 2  3 

Net Precipitation @ 1 2 3 .  

Permeability of the 
Unsaturated Zone 0 1 @ 3 

Physical State 0 1 2 0  

Total Route Characteristics Score 5 15 

3~onta inment  0 1 2 0  1 3 3 3.3 

Waste Characteristics 3.4 
ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 Q  1 8 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 0 2 3 3 - 3 9 

Distance to Nearest @ 4  6 8 10 1 0 40 
WelVPopulation 12 16 18 20 
Served 24 30 32 35 40 

Total Targets Score '3 49 

1f line 1 is 45, multiply 1 x 4 x 5 

~f line 1 is 0, muttiply 2 x 3 x 4 x s 1,170 

7 
Divide line 6 by 57,330 and multiply by 100 sgw = 2.04 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 6) 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Facility Slope and 

Intervening Terrain 0 @ 2 3 

1-yr. 24-hr. Rainfall 0 @ 2 3 

Distance toNearest 
Surface Water 

Physical State 

Total Route Characteristics Score 11 15 

3 
Containment a 1 2  3 1 0 3 4.3 

Waste Characteristics 4.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use 3 0 9 
Distance to a Sensi- 2 0 6 

. tive Environment 

Population Servedl 0 4 6 8 10 B 16 18 20 
1 0 40 

Distance to Water 
Intake Downstream 24 30 32 35 40 

Total Targets Score ' 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

7 ~ i v i d e  line 6 by 64,350 and multiply by 100 Ss, = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release (3 45 1 0 45 5.1 

Date and Location: 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on line 5. 

If line 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 5.2 

Reactivity and 
Incompatibility @ 1 2 3 

Toxicity 0 1 2 0  

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 Q  1 8 8 

Total Waste Characteristics Score 17 20 

, 
Targets 5.3 

Population Within O@ 12 15 18 1 9 30 
4-Mile Radius 2 1  24 27 30 

Distance to Sensi- @ 1 2 3 2 0 6 
tive Environment 

Land Use 0 1 0 3  1 2 3 

Total Targets Score . 11 39 

5 
Divide line 4 by 35,100 and multiply by 100 Sa = o  

2.7.79 



HRS SCORE FOR 
R-MAD CONTAMINATED WASTE DUMP 

AND LEACHFIELD 

Sgw = 2.04 

Ssw = 0 

Sa  = 0 



APPENDIX 2.7.A.2 
HRS WORKSHEETS 
E-MAD FACILITY 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 0 3 1 1 3 7.1 

2 
Waste Characteristics 7.2 

Direct Evidence @ 3 1 0 3 

Ignitability @ 1 2  3 1 0 3 

Reactivity @ I  2 3 1 0 3 

Incompatibility a 1 2 3  1 0 3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 m  1 8 8 

Total Waste Characteristics Score 8 20 

Targets 7.3 

Distance to Nearest 0 0  2 3 4 5 1 1 5 
Population 

Distance to Nearest 0 1 2 0  1 3 3 
Building 

Distance to Sensitive @ 1 2 3 1 0 3 
Environment 

Land Use 0 0 2  3 1 1 3 

Population Within 0 0 2  3 4 5 1 1 5 
2-Mile Radius 

. Buildings Within 0 0 2  3 4 5 1 1 5 
2-Mile Radius 

Total Targets Score 7 24 

4 
Multiply 1 x 2 x 3 

5 
Divide line 4 by 1,440 and multiply by 100 s,, = 3.89 



DIRECT CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release @ 45 1 0 45 8.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2Accessibility 0 0 2  3 1 1 3 8.2 

3 
Containment 8 15 1 0 15 8.3 

Waste Characteristics 8.4 

Toxicity 0 1 2 0  5 15 15 

Targets 8.5 

Population Within 0 0 2  3 4 5 4 4 20 
a 1-Mile Radius 

Distance to a 8 1  2 3 
Critical Habitat 

Totai Targets Score 32 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 21,600 

7 
Divide line 6 by 21,600 and multiply by 100 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  4.5 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 3.2 
Depth to Aquifer 

of Concern a1 2 3 2 0 6 

Net Precipitation a1 2 3 1 0 3 

Permeability of the 
Unsaturated Zone 0 1 @ 3 1 2 3 

Physical State 0 1 2 0  1 3 3 

Total Route Characteristics Score 5 15 

waste Characteristics 3.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score , 26 26 

Targets 3.5 

Ground Water Use 0 0 2 3 3 3 9 
Distance to Nearest a 4 6 8 10 1 0 40 

Well/Population 12 16 18 20 
Served 24 30 32 35 40 

Total Targets Score 3 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 1,170 57,330 

7 
Divide line 6 by 57,330 and multiply by 100 sgw = 2.04 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

' Route Characteristics 
Facility Slope and 

Intervening Terrain 0 0 2 3 

I-yr. 24-hr. Rainfall 0 @ 2 3 

Distance to Nearest 
Surface Water 6 9 1 2  3 

Physical State 0 1 2 0  

Total Route Characteristics Score 5 15 

J 
Containment 1 2  3 1 0 3 4.3 

Waste Characteristics 4.4 
ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 Q  1 8 8 

Quantity 

Total Waste Characteristics Score 26 ' 26 

5 ~ a r g e t s  4.5 

Surface Water Use 3 0 9 
Distance to a Sensi- 2 0 6 

, tive Environment 

Population Servedl 0 4 6 8 10 
16 18 20 

1 0 40 
Distance to Water 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

7 ~ i v i d e  line 6 by 64,350 and multiply by 100 ssw = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1  
Observed Release @ 45 1 0 45 5.1 

Date and Location: 

Sampling Protocol: 

If line 1  ii 0, the Sa  = 0. Enter on line 5. 

If line 1  is 45, then proceed to line 2 

L 
Waste Characteristics 

Reactivity and 
Incompatibility 0 1 2 3  

Toxicity 0 1 2 3  3  

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 8  1  

Total Waste Characteristics Score 20 

Targets 

Population Within 0  9  12 15 18 1  
4-Mile Radius 21 24 27 30 

Distance to Sensi- 0 1 2 3  2  
tive Environment 

Land Use 0 1 2 3  1 

Total Targets Score 39 

- - - -- - - 

5  
Divide line 4 by 35,100 and multiply by 100 S, = o  



HRS SCORE 
FOR E-MAD FACILITY 



APPENDIX 2.7.A.3 
I-IRS WORKSHEETS 

TEST CELL "A" 



FIRF, AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

- 

1 
Containment 0 3 1 1 3 7.1 

,L 
Waste Characteristics 

Direct Evidence @ 3 

Ignitability 8 1 2 3  1 0 3 

Reactivity 2 3 1 0 3 

Incompatibility 8 1  2 3 1 0 3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 8 20 

Targets 7.3 

Distance to Nearest 0 0 2 3 4 5 1 1 5 
Population 

Distance to Nearest 0 1 2 0  1 3 3 
Building 

Distance to Sensitive @ 1 2 3 
Environment 

Land Use 0 1 0 3  1 2 3 

Population Within 0 0 2  3 4 5 1 1 5 
2-Mile Radius 

Buildings Within 0 0 2  3 4 5 1 1 5 
2-Mile Radius 

Total Targets Score 8 24 

4 
Multiply 1 x 2 x 3 64 1,440 

5 
Divide line 4 by 1,440 and multiply by 100 S,, = 4.44 



DIRECT CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release @ 45 1 0 45 8.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2 .  

2 
Accessibility 00 2 3 1 1 3 8.2 

3 
Containment 8 15 1 0 15 8 .3  

Waste Characteristics 8.4  

Toxicity 0 1 2 0  5 15 15 

Targets 8.5 

Population Within 0 0 2  3 4 5 4 4 20 
a 1-Mile Radius 

Distance to a 8 1  2 3 
Critical Habitat 

Total Targets Score 32 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 

7 
Divide line 6 by 21,600 and multiply by 100 SDC = 0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Depth to Aquifer 

of Concern @ 1 2  3 

Net Precipitation @ 1 2 .  3 

Permeability of the 
Unsaturated Zone 0 1 @ 3 

Physical State 0 1 2 0  

Total Route Characteristics Score 5 15 

'containment 0 1 2 0  1 3 3 3.3 

waste Characteristics 3.4 
ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 @  1 8 8 

Quantity 

Total Waste Characteristics Score 26 2 6 

Targets 3.5 

Ground Water Use 0 0  2 3 3 3 9 

Distance to Nearest a 4 6 8 10 1 0 40 
WelVPopulation 12 16 18 20 
Served 24 30 32 35 40 

Total ~ & ~ e t s  Score 3 49 

'lf line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 1,170 57,330 

7 
Divide line 6 by 57,330 and multiply by 100 sgw = 2.04 



SURFACE WATER ROUTE W'ORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 6) 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 4.2 
Facility Slope and 

Intervening Terrain 0 @ 2 3 1 1 3 

1-yr. 24-hr. Rainfall 0 @ 2 3 1 1 3 

Distance to Nearest 
Surface Water 2 6 6 

Physical State 1 3 3 

Total Route Characteristics Score 11 15 

3 
Containment @ 1 2  3 1 0 3 4.3 

Waste Characteristics 4.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 Q  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use 3 0 9 
Distance to a Sensi- 2 0 6 

tive Environment 

Population Served/ 0 4 6 8 10 Q 1 0 40 
Distance to Water 2 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

7 ~ i v i d e  line 6 by 64,350 and multiply by 100 Ssw = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 @ 1 45 45 5.1 

Date and Location: 

Sampling Protocol: 

If line 1 is 0, the Sa  = 0. Enter on  line 5. 

If line 1 is 45, then proceed to line 2. 

2 
Waste Characteristics 5.2 

Reactivity and 
Incompatibility @ 1 2 3 1 0 3 

Toxicity 0 1 2 0  3 9 9 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 Q  1 8 8 

Total Waste Characteristics Score 17 20 

~ a r g e k  5.3 

Population Within 0 @ 12 15 18 1 9 30 
4-Mile Radius 21  24 27 30 

Distance to Sensi- @ 1 2 3 2 0 6 
tive Environment 

, Land Use 0 1 0 3  1 2 3 

Total Targets Score . . 11 39 

Multiply 1 x 2 x 3 

5 
Divide line 4 by 35,100 and multiply by 100 S, = 23.97 



HRS SCORE 

sg w = 2.04 

Ssw = 0 

Sa = 23.97 



APPENDIX 2.7.A.4 
HRS WORKSHEETS 

TEST CELL "C" LEACHFIELD AND 
CONTAMINATED WASTE DUMP 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Containment 0 3 1 1 3 7.1 

waste Characteristics 7.2 
Direct Evidence @ 3 1 0 3 

Ignitability 8 1  2 3 1 0 3 

Reactivity @ 1  2 3 1 0 3 

Incompatibility 8 1  2 3 1 0 3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 

Targets 7.3 

Distance to Nearest 0 1 2  3 @ 5  1 4 5 
Population 

Distance to Nearest 0 1 2 0  
Building 

Distance to Sensitive @ 1 2 3 
Environment 

Land Use 0 1 2 0  

Population Within 0 0 2 3 4  5 1 1 5 
2-Mile Radius 

Buildings Within 0 0 2  3 4 5 1 1 5 
2-Mile Radius 

Total Targets Score 12 24 

5 
Divide h e  4 by 1,440 and multiply by 100 s,, = 6.66 



DIRECT CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release @ .  45 1 0  45 8.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

2 
Accessibility 0 0  2 3 1 1 3 8.2 

3 
Containment 8 15 1 0 15 8.3 

Waste Characteristics 8.4 

Toxicity 0 1 2 0  5 15 15 

Targets 8.5 

Population Within 0 0 2  3 4 5 4 4 20 
a 1-Mile Radius 

Distance to a 8 1  2 3 4 0 12 
Critical Habitat 

Total Targets Score 1 32 

61f line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 21,600 

7 
Divide line 6 by 21,600 and multiply by 100 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0  45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Depth to Aquifer 

of Concern 2 3 

Net Precipitation @ 1 2 3 

Permeability of the 
Unsaturated Zone 0 1 @ 3 

Physical State 0 1 2 0  

Total Route Characteristics Score 5 15 

waste Characteristics 3.4 
ToxicitylPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 Q  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 0 2 3 3 3 9 

Distance to Nearest 0 4 6 8 10 0, 16 18 20 
1 0 40 

WellIPopulation 
Served 24 30 32 35 40 

Total Targets Score 3 49 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 1,170 57,330 

I 
~ i i d e  line 6 by 57,330 and multiply by 100 sgw = 2.04 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release ' 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Facility Slope and 

Intervening Terrain 0 @ 2 3 

1-yr. 24-hr. Rainfall 0 a 2 3 

Distance to Nearest 
Surface Water 2 6 6 

Physical State 1 3 3 

Total Route Characteristics Score 11 15 

3 
Containment @ 1 2  3 1 0 3 4.3 

Waste Characteristics 4.4 
ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 4.5 

Surface Water Use 3 0 9 
Distance to a Sensi- 2 0 6 

tive Environment 

Population Served1 0 4 6 8 10 Q 1 0 40 
Distance to Water 2 16 18 20 
Intake Downstream 24 30 32 35 40 

Total Targets Score a 0 55 

6 ~ f  line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

7 ~ i v i d e  line 6 by 64,350 and multiply by 100 S,, = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 @ 1 45 45 5.1 

Date and Location: 

Sampling Protocol: 

If line 1 is 0, the Sa = 0. Enter on  line 5. 

If Iine 1 is 45, then proceed to Iine 2. 

2 
Waste Characteristics 5.2 

Reactivity and 
Incompatibility @ 1 2 3 

Toxicity 0 1 2 0  

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

Total Waste Characteristics Score 17 20 

Targets 5.3 

Population Within 0 9 12 15 @ 1 18 30 
4-Mile Radius 21  24 27 30 

Distance to Sensi- @ 1 2 3 2 0 6 
tive Environment 

Land Use 0 1 2 0  1 3 3 

Total Targets Score 2 1  39 

4 
Multiply 1 x 2 x 3 16,065 35,100 

- 

5 
Divide line 4 by 35,100 and multiply by 100 Sa = 45:77 



HRS SCORE 



APPENDIX 2.7 .AS 
HRS WORKSHEETS 

AREA 40 1-MAD LEACHFIELD AND 
CONTAIQNATED WASTE DUMP 



FIRE AND EXPLOSION WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

-- 

1 
Containment 0 3 1 1 3 7.1 

2 
Waste Characteristics 

Direct Evidence @ 3 

Ignitability 8 1  2 3 1 0 3 

Reactivity 1 2  3 1 0 3 

Incompatibility 8 1  2 3 1 0 3 

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 B  1 8 8 

Total Waste Characteristics Score 8 20 

Targets 

Distance to Nearest 8 1 2 3 4 5 
Population 

Distance to Nearest 0 1 2 0  
Building 

Distance to Sensitive @ 1 2 3 
Environment 

Land Use 0 0 2  3 

Population Within 8 1 2 3 4 5  
2-Mile Radius 

Buildings Within 0 0 2  3 4 5 
2-Mile Radius 

Total Targets Score 

4 
Multiply 1 x 2 x 3 40 1,440 

5 
Divide line 4 by 1,440 and multiply by 100 s,, = 2.78 



DIRECT CONTACT WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release @ 45 1 0 45 8.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line '2. 

3 
Containment 8 15 1 0 15 8.3 

waste Characteristics 8.4  

Toxicity 0 1 2 0  5 15 15 

Targets 8.5 

Population Within 8 1 2 3 4 5  4 0 20 
a 1-Mile Radius 

Distance to a 8 1  2 3 4 0 12 
Critical Habitat 

Total Targets Score 0 32 

61f line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 21,600 

I 
Divide line 6 by 21,600 and multiply by 100 SDC = 0 



GROUND WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release @ 45 1 0  45 3.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Depth to ~ q u i f e r  

of Concern @ I  2 3 

Net Precipitation a1 2 3 

Permeability of the 
Unsaturated Zone 0 1 @ 3 

Physical State 0 1 2 0  

Total Route Characteristics Score 5 15 

Waste Characteristics 3.4 
Toxicity/Persistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 26 

Targets 3.5 

Ground Water Use 0 1 2 0  3 3 9 

Distance to Nearest 0 4 6 8 10 
16 18 20 

1 0 40 
Well/Population 
Served 24 30 32 35 40 

Total Targets Score 3 49 

6 ~ f  line 1 is  45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 

1 
Divide line 6 by 57,330 and multiply by 100 sgw = 2.04 



SURFACE WATER ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 45 1 0 45 4.1 

If observed release is given a score of 45, proceed to line 4. 

If observed release is given a score of 0, proceed to line 2. 

Route Characteristics 
Facility Slope and 

Intervening Terrain 0 1 @ 3 

I-yr. 24-hr. Rainfall 0 @ 2 3 

Distance to Nearest 
Surface Water 0 1 0 3  

Physical State 0 1 2 0  

Total Route Characteristics Score 10 15 

3 
Containment @I 2 3 1 0 3 4.3 

Waste Characteristics 4.4 
ToxicityIPersistence 0 3 6 9 12 15 @ 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 a  1 8 8 

Quantity 

Total Waste Characteristics Score 26 2 6 

Targets 4.5 
Surface Water Use 3 0 9 

Distance to a Sensi- 2 0 6 
tive Environment 

Population Servedl 1 0 40 
Distance to Water 
Intake Downstream 24 30 32 35 40 

Total Targets Score , 0 55 
- -  - 

'1f line 1 is 45, multiply 1 x 4 x 5 

If line 1 is 0, multiply 2 x 3 x 4 x 5 0 64,350 

7 ~ i v i d e  line 6 by 64,350 and multiply by 100 Ss, = 0 



AIR ROUTE WORK SHEET 

Assigned Value Multi- Max. Ref. 
Rating Factor (circle one) plier Score Score (Section) 

1 
Observed Release 0 63 1 45 45 5.1 

Date and Location: 

Sampling Protocol: 

If line 1 is 0, the Sa  = 0. Enter on line 5. 

If line 1 is 45, then proceed to line'2. 

2 
Waste Characteristics 5.2 

Reactivity and 
Incompatibility @ 1 2 3 

Toxicity 0 1 2 0  

Hazardous Waste 
Quantity 0 1 2 3 4 5 6 7 a  1 8 8 

04 
Total Waste Characteristics Score 17 20 

Targets 5.3 

Population Within @ 9 12 15 18 1 0 30 
4-Mile Radius 21 24 27 30 

t 
Distance to Sensi- @ 1 2 3 2 0 6 

tive Environment 

Land Use 0 0 2  3 1 1 3 

Total Targets Score 1 39 

4 
Multiply 1 x 2 x 3 765 35,100 

5 
Divide line 4 by 35,100 and multiply by 100 S, = 2.17 



HRS SCORE 
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